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ABSTRACT 

The absorption spectra of the perchlorates of the lir~ter rare 

earth elements (lanthanum thl"'ough terbium, with the exception of pl"O-

methium) have been determined in aqueous solution over a wave length 

r-~-nge of 220 to 1100 mp, using a Beckms.n quartz prism DU spectro

photometer. The values obtained ffi"'e comparAd with those available 

from the literature, and the data are prPsented graphically to show 

the chanse in the molar extinction coefficient' of the solutions with 

change in wave length of the incident light. 

This work was perfo:emed under the auspices of the Atomic EnPrgy 

Commission. 



LIGHT 
. TRI-VALENT IOl''S 

I. The Lighter 

Introduction 

Data on the absorption spectra of the trivalent rare earth ions 

in aquedus solutions are scattered widely throu~hout the literature 

and were obtained by a number of differAnt workers with widely 

varying instruments and materials. The most thorough investigation 

available, that of Prandtl and Scheiner(l), is an exception, but 

unfortunately their results we·;~e pre$ented in a form which makes 

them of little use for analytical ~lrposes, although their study was. 

a remarka·i·ly thorough one with an instrument of Vr->ry high sensitivity. 

The present inve '~t i,gat ion, while undertaken primarily to obtain 

curves for comparison with tb~ trivalent actinides (seaborg( 2 )), also 

sought to obtain data suitable for analytical use. This first report 

will consider the results largely from the latt0r point of view, and 

will consist chiefly of a presentation of the Qata found. 

With the double purpose of actinide comparisons and of obtaining 

referAnce curves, an attempt was made to satisfy the following 

experimental conditions: 

(1) Use of an instrument of the type used in determining the 

light absorption in aqueous solution of the trivalent ions of the 

act 5.nide series and of a type vvidely used for analytic a 1 purposes. 

(2) Determ:i-nation of the spectra with the rare 0arth ions in 

media thought to be non-complex forming, and in solutions of ap-

proximately the same ionic strength for each separ2te el~ment 

considered. 
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{3) DetE>rmination of the absorption over as wide a spectral 

range as possible. 

(4) Maintenance of controlled temperature conditions. 

These specifications were not completely met in all cases. In 

general, however, the absorption spectra were determined with the 

rare earth ions in perchloric acid solution at a 0.15 M R+++ 
.;l··j 

concentration, and 0.1 M HClO (u: 1). 
- 4 I 

The same Be c lanan DU quartz 

prism spectrophotometer was used for the various determinations over 

a spectral range of 220 - 1100 millimicrons. For most of the runs, 

the temperature was controlled by means of a watpr jacke~ to 25 t 
0 0.2 c. E:;~perimental dj_ff.iculties necessitated occasional divergence 

from these conditions, and such variations are ]_ndicated in the fol-

lowing report or 1n the various included tables of data. 

Such review as will be given of the literature in this field 

consists primarily of the tabulated comparisons given in Tables 3-10. 

A comprehensive discussion of the theoretical aspects of the subject 

has recently been .~iven by Yost, Russell and Garner(
3

). The origin 

of the sharp absorption lj_nes found in the spectra of the rare 

earth ions in aqueous solution was a matter of dispute for s.ome 

time, but now, as these a'\J.thors point out, it is generally accepted 

that the sharp peaks occurring in the visible portion of the ::3pectrun 

are due to forbidden transitions within the 4f electron shell 

itself, whereas the broader absorption pPaks in the ultraviolet are 

* Designed by L· B· Magnusson of this labor·atory. 
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probably due to transitions between the 4f and outer electron shells. 

The inter-4f shell transitions are thought to be changes between 

states having varying values of the L or S quantum numbers 1 \mich 

accounts for the lack of absorption in the visible region for Ce+++ 

and yb+++ where only one L value is possible. These 4f shell transi-

tions are forbidden, the high peaks on the curves being somewhat 

illusory with their apparent intensity beinc accounted for by the 

high rare earth ion concentration in solution as compared to their 

concentration in the case of gas phase spectra determinations. The 

diffuse quality of the absorption peaks in the ultraviolet is thought 

to be indicative of the perturbation effect of surrounding ions on 

electron changes oc curr:tng in the outer, less-shielded electron 

shells (4 ). 

No attempt will be made to review th0 older work on rare earth 

absorption spectra, the references to which can be found in the 

publications of Jones, Strong, and Anderson(:;,G,?) and of Yntema(a)·. 

These investigators give quite complete surveys of the information to 

the t 5.lr:.e of their Vl!I'i t ings • 

Some work has been done on the influer,ce of the solvent on the 

absorption spectra of the rare earths. Of the earlier studies, those 

of the Jones group at carnegie Institution (referred to above) 

deserve special mention for their extent and thoroughness. They 

worked primarily with praseodymium, neodym:lum and samarium salts • 

Besides tryine; a large nu'·,;ber of pure solvents, they ·worked with 

various water-organic solvent mixtures and found that the . rare 

earth spectra were comparatively unchapged in such cases until the 

proportion of H
2
o fell below 15-20%• Beyond this point, the observed 

spectra were a composite of those of the salts in pure water and in 
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They found that the spPctra of the rare t>arths in solution as 

iodide, bromide and chloride w~:>rr:>, very similar and did not change 

markedly with concentration. The nitrates, however, did show dif-

ferent spectra, particularly.in concentrated solutions. Adding 

larJe amounts of cac1
2 

or Alcl
3 

to Ndcl
3 

solutions did not seem to 

affect the spectrum to any Jreat extent. 
(9) {10) 

czumasa and okuno , and ozumasa , workJ.i:lg with neodymium 

and praseodymium, found that there was a redward shift of the spectrum 

which roughly followed the decrease in the dielectric constant of 

the solvent used. This shift was more marked for the nitrate salts 

than for the chlorides. A similar displacement was noticed with 

increasing concentration in aqueous solutions, a,sain particularly 

for the nitrate. Adding 0.496_ M Mg(lro
3

)
2 

to 0.012 tl Nd(1'T03 ) 3 caused 

a marked red-ward displacement. Dolejsek and Zadkevic(ll) also ob-

Sei'ved a displacement towards the :c•ed encl of the spectrum with de-

creasing dipole moment of the solvent, but observed that it was a 

SI1111laller effect than with other light absorbing substances. 
. ( 12) 

Fialkovskaja and Katchenov have reported that the substitu-

tion of deuterium oxide for.water as the solvent causes a slight blue-

ward shift of the absorption spectrum of neodymium and praseodymium 

sulfates, accompanied by lessening in intensity and broadening of 

the bands. 

Radoitchitch(l4,15), working with the acetyl acetonates of 

samarium and neodymium, studied the effects of a long list 'of sol

vents on their light absorption in solution. The spectra varied 

cons idorably with the so 1 vent used., show:1.ng many dis placements, changes 
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in intBnsity and loss or gain of c~rtain lines • comparing hBr 

samarium spectra to the 1086.9 A line reported for samarium chloride 
{16) 

in water, she seemed to get a uniform blue-wards displacement of 

the spectra when the acetyl-acetonates of these rare earths were 

dissolved in organic solvents. 

Concentration changes can materially affect the spectrum found 

f th th lt . 1 t. p dt 1 d s h ' ( 1 ) . d or e rare ear sa s 1n sou 1on. ran an c_elner m1sse 

the very large absorption peak of praseodymium at 214 A, probably 

owing to this fact. Larionov, Novikova-!'15-nash and Seidel(l7 ) were 

able to find this pr->ak only over a narrovv concentration range(0.06-

0.l7% in 2 em cells). Mukherji(lS) found a b~oad absorption band in 

praseodymium sulfate solutions ( 1/10 M), which could be brol{en into 

three components by diluting to 1/40 :M. A similal" situation occurred 

when he diluted ~neodymium sulphate solution. Shishlovski 
(19) 

reports the spectra of concentrated cerous solutions, or cerous solu-

tions in borate or phosphate containing media to be very similar to 

those of the crystalline salts of tl"ivalent cerium. 

Berton and BerlangPr - working with gadolinium crystals - have 

found the su;Lphate, citrate and oxalate to have the four narrow bands 

between 273 and 276 mu approximately in the same position, while 

they are displaced towards the longer wave lengths in the oxide, 

hydroxide, nitrate, orthophosphate and tartrate.( 2 0) 
. ( 21) ( 22 ) 

Freed and \Ne1ssman and Freed have observed that Eu(N03 )3 

shows a very differPnt structurA in solution from that of EUCl3• 

The spectrum of the lattPr was constant over a very wide range of 

concentrations. The nitrate spectrum showed a change below 0.01 tl 

to become like the chloride. Freed suggests that thel"e is a higher 
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symmetry of field around the nitrate ion than around the chloride 
(23) 

in these solutions. Purvis noted a very similar behavior pattern 

between solutions of the nitrates and chlorides of erbium and "didy-

mium" as oarly as 1903. 

Blank( 24 ) dissolved sm
2
o

3 
in a borax pearl, and by heating to 

250° c, obtained a new absorptiol!- peak at 422 m).l• The absorption 

of both Nd and Sm in borax solutions are much broadened in the 300-

600° C range, but do not show the usual sharpening in going from :boom 

temporature to liquid air tempPrature, although ther"' is a slight 

incr0ase in their intensities. 

TherP have been some studies on the absorption spectra of the 

rare earths in the infrared; and the pn aks found a re 1 is ted in 

Tables 3-10 1 although most of the values are beyond the portion of 

the spectrum invPstigated in thA pr>Asent work. 

Among these infrared studies are those of Freymann and 

Takvorian(l6 ) with concentrated aqueous rare earth solutions, those 
(25) . (26) 

of Gobrecht and Rosenthal using rare earth salts dissolved 

in borax pearls, and the recent study by stair and Faick, employing 

rare earth oxides dissolved in soda lime glass( 27 ). Spedding( 28 ) 

also obtained some infrared absorption in praseodymium solutions. 

The research of Prandtl and Scheiner has alrAady been mentioned. 

It has been of great value because of its scope, since it covers all 

of the rare earth series. These workers used "neutral chlorides" 1 

but give very little more detail on the composition of their solutions 

Their chart (reproduced in Yost, Russell and Garner) indicates the 

rarA earth concentration at which they were last able to observe 

absorption. They started vvith a 1 molar solution, then successively 
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diluted to 1/2, 1':11 1/4 11, etc. The number of levels at a given wave 

length indicates the concentration when the absorption was last ob-

served. The chart is excellent f01., placing thA absorption peaks, but 

cannot be used for quantitative com~arisons. Contrasting this chart 

to Fi:;ures 1-8 of this J:'eport vd.ll illustrate the marked difference 

in the aspects of the curves obtained by the two different methods 

o~ presenting the ·data. 

Rodden( 54 , 55) also made a systematic investigation of the nitrate 

solutions of the rare earths, using a doubie monochromator photo-

electric Coleman spectrophotometer. He has ac~apted the resulting 

data for analytical use in some cases. The instrument used, how ... 

ever is not a very suitable one for thP rarA earths, since it gives 

a band of 5 nnJ. width, which introduces a considerable error, as will 
/ 

be discussed latAr, 2.nf. doAs not pPrmit the detection of any fine 

structure in the spectra. 

Spedding and his associates( 52 , 53 ) at Iowa State College have 

determh1ed the absorption spectra of some rare Parth chlorides in 

solutions as an analytical tool in connection with rare earth 

purification by ion exchanse techniques. These figures are of par-

ticular interest to the present investigation, since they are the 

only ones determined with the same type of instrument as that used 

in the work reported here. 

11a~erlals 

The source and quality of the rare earth stocks used a~e sum-

marized i.n Table I. The pej:'Chloric acid used was Baker and Adamson, 

reagent grade. A 2.93 tl solution of this acid was prepared and its 
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strength determined by titration with a standarcl.ized sodium hyc"roxide 

solution. This was then used as a stock acid for preparing the 

rare earth solutions. 

Equipment. 

A Beckman model DU photoelectric quartz prism spectrophotometer 

was used thi'oughout this study, with a hydrogen dischar~e lamp as 

the light S01J.rce in thA spectral ran,::e below 3200 AI and a tungsten 

lamp as the light source of wave l0ngths longer than 3200 A· The 

instrument was calibrated aJainst emission lines from a mercury vapor 

discharge lamp, the error of the calibration being of thn order of 

about t 2 A at the 4046.6, 4358 and 5460.7 A lines of the Hg emission 

spectrum. The phototubes used were those furnished with the instru-

ment and each was used over the wave length rangP. recomm(mded by the 

,~ malcers. Silica cells of l em. path length vvere used for most of the 

runs (occasionally of the 0.2-0.5 ml. capacity ty):e*). In the case 

+++ of the Tb spectra, 5 centimeter micro-cells of the Kirk, Rosenfel~ 

Hanahan (29 ) type WPre used in an effort to determine some of the 

smaller peaks. These longAr cells would have ber-·n used more exten-

sively save for the laclc of a satisfactory method of reproducibly 

aligning the cells in the light beam. Quartz windows were used in 

these cells for the Tb+++ run. 

The length of ligllt path useci J.n the calculations W'"'re those 

furnished by the maker of the cells. This dimension is c;i ven to 3 

si~nificant fi3ures by thA Beckman peoplo, indicating an accuracy 

+ of - 0.1% for the 1 em cells • 

• Made by pyroce> 11 :Manufactut•ing Company, 1-kw York City. 
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water from a constant temperature bath was circulated through 

the Bakelite-coppPr constant tnrnpPrature jacket for 30 minutes before 

each run. Rough checks indicated that thP temperaturA within the cell 

compartment was held at 25 ± 0.2° C. 

Procedure 

In gone:cal, tho sesquioxides of the vartous rare earths were 

available or could be easily made by ignition of the oxalate or 

bromatP. These oxides W"'re weighed on an Ainsworth Chainomatic 

analytical balance directly into micro volumetric flasks (0.5-5.0 ml~ 

The calculated amount of 2.93 N. HClo4 was then added with a micro

pipette and tho dissolvsd oxide solution diluted to ths mark with 

distj_lled water. The compapison pex•chloric aej.d solutions w0re made 

in the same fashion from the 2.93 E HClo
4 

stock, an attempt being 

made to keep the 0104 - concnntration the same in the two solutions. 

The neodymium, ;~amarium, and nurop:tum oxiClPs diGsoJ.vnd CluHe r"'adily .. 

The oxides of lanthanum, g[ldolinium, praseodymium and terbium re ... 

quired either mild Jwatinc; or standing overnight before dissolving 

to a clnar solution. 

Preparo.tion of the Ce(clo4 )
3 

solution turned out to be a rather 

difficult process. If a hyc,_roxide precipitate was thrown down from 

a cerous salt solution (to permit washing froB of the anion), air 

oxioation to eerie hydroxide occurred at oncG. Th0re also seemed to 

be a tt polymer" of the ty:?e found vrith PU(IV) ion( 30), since thE? 

hydroxide precipitate could not be redissolved in the desired amount 

of perchloric ac icl., or even in much stron~~er acid concentrations. 

Several expedients were tried in order to avoid these difficulties .. 
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The final preparation was Jn:1.de 'by dissolving a 10-12 mg piece of 

cerium metal in pPrchloric acid. Ce(Cl0
4

)3 absorption is extremely 

high in the ultraviol~t, so this corous solution was further diluted 

by a factor of 10 for the dotormino.t ion in this range. Aliquots of 

this lattnr solution wer•e. ignited to Ceo
2 

and weighed on tho micro

balance in ord"'r to fix tJ··o final co+++ concentration. 

Table II summarizes the various solutions investigated and gives 

the temperaturo conditlons for each run. 

Praseodymium oxide from two difforent sources was ch,.,cked in 

order to confirm the presence of the large absorption peak at 

2140 A. A second, more concentrated solution of Sm(Clo4 )3 
was also 

prepared in order to check ~om0 of thn smaller peaks in its spectrum. 

Europium salts of good purity were not available in ·any quantity 

so the europium used for this run was purified by the "Nalcite" 

ion exchange column technique described by Tompkins and his co~ 

woPkers{ 3l). Tho starting material contained about 11% impurities 

(thorium, neodymium, crrium, lantbanum and samarium). The purified 

oxide showGd no contaminating rare earths or thorium when examined 

spectrographically. Tho size of th~ spectrographic sample was such 

that 0.2% of any of those contaminants would have been obsrrved. 

Tho spectrophotometer was originally used with tho spnsitivity 

control half way to tts countAr clockwise. limit. In later runs, 

this lmob was turnAcl to its full countPr clockwise limit. Checks 

indicated that this did not introduce any error, and did give more 

stabil~ty to the galvanometer n0odle. In general, readings were 

made at 2 A intnrvals in the ranee below 6000 A, at 2.5. A intervals 

from 6000 to 8000 A, at 5 A intervals in tho 8000-10000 A l'"'ange and 
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at 10 A inter~als above 10000 A· The absorption peaks were investi-

gated as carefull1 as possible with}n th0 limitations of the instru-

mcnt. 

The 0ata obtained 2,re prrsr:nted granhically in Fi3ur0s 1-8 

and are compar•ed to values reported in the literatuJ•c: in Tables 3 to 

10. The pr-ak hAights arc proscmted in trrms of the molar extinction 

coefficient, 'i: • If Beers' and Lambr:.rts r laws for the light absorption 

are combined, wPittf:m in diffE'lrential form and integrated, one obtafus 

tho exprossion: 

ln I 
r = - kcl 

0 

In this expr?ssion, I
0 

is the intons ity of the light entering the 

absorbing medium, and I is its intGnsity at_ depth 1. "c 11 represents 

the concentration of the absorbing substance 1 and lc is a constant. 

If 1 is expressr.d in centimeters and c in moles per l:i.ter, k becomes 

(32) 
a, the "molecular absorption coefficient" • Th0 expression 

can also be written 

- -.. 
2.303 

cl = - t cl 

where 2::_ is then defined as the mola:c extinction coefficient. 

It will be soon that 1 x 100 is the percent of light transmitted. 
I.:> 

If a n0w term, D, the opticBl density, is defined: 

Then i:. = D • 
cl 

Ei thor the quantities D or % transmission may be read ' 

off of the Beckman instrument directly. 
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Lanthanum (Figure 1, Tal?,lo.....:ll.!. As would be expected from its 

lack of color, the lanthanum solution dicl. not show any light absorp

tion in the visible portion of the spectrum. Absorption was found, 

hownver, in the 2120-2140 A range, and was still increasing in magni~ 

tude, at the lower limit of tho instrument. The purity tata gvai 1-

able on tho lanthanum used would not entir0ly rulo out the possibility 

of this absorption being due to cerous ion contamination, but in this 

PVcnt, the vr-ry largn cnrous pnaks at 238 nl)l and 253 rry.:t should appear, 
(33) 

which they do not. Frned has l"('portod that lanthanum ion in 

mixed lanthanum-cerium crystals of ethylsulfate or chlo1.,ide shows no 

b ,_" . h 210 97 d, ('54 ) 1 . 11 t a sorp"Laon ~n t c -2, mu 1.,angc:. Bo c;en · ~ s1ows a sma amoun 

of light absorption at about 355 nn.1 in his curve for lanthanum 
1 

nitrate solution. 

Cerium (Figure 2, rrable 4.). Scvr'ral intnr0sting points may be 

observed from the data in Table 4. It carnot be: said that the 

chloride ion and tho perchlorate ion solutions show much differnnce 

in the position of the absorption p0al{s, but the sulfate solution (
34

) 

and conc(mtratod hydrochloric acid solut:'i.ons ( 35 ) both show marked 

red-ward shifts of the absorption pcaks, a phenomena which has already 

boon mentioned in connection with concentrated nitrate solutions. 

Presumably, this, in all cases, is ci.ue to a modification of the elec

trica 1 field surJ:ocninding the ion by tho formation of c omplox ions or, 

perhaps, by chan_;es caused ]_n its hydration shell. It is in thn 

same direction as the effect of tho decreasing dielectric constant 

of the solvent discussed under the litPratur0 survey. 

The 210.5 ror absorption prak reported by Boso and Datta( 36 ) 
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and by Wu and Kang is p0rhaps partially cionfir!ned in the prnscnt 

WOl"'k, inasmuch as tho. extinction coefficient was still rising at the 

lowest limit of the Bockman instrumr:nt, but seemed to be leveling 

off to form a new peak. 

The infrared absorption peak reported at 1650 m~ by Rosenthal(m) 

is interr>stin[.:; inasmuch as it is tho only absorption ro.·;ortnd for 

cerium in solution by anyone in any but the: ultraviolet portion of 
(54) 

tho spectrum. 7todr'cn's cu:r•ve again shows a sliJ..ht absoi'ption at 

about tho same po:i.nt as for lanthanum ion (355 m)J.). This is at the 
J 

lovvc:r 0nd of thr range and is probably an instrum0ntal error. 

Tho molar extinction coefficients g~vrn in Table 4 from the 

'1 • " ( 34 ) ., work of RobPrts, wallace arr. Pl rce WnLc calculated from optical 

densities Pstimated from gra;JhS published in their article, so some 

possibility of error is involve~. Evrn so, tho a~ro~mont between 

thoir c~.ata and tho prrscnt stuc.y for tho 238 and 253 m,u pnaks is 

rather good, althou3h it is not vrry satisfactory for tho smaller 

poak at 296 mu. 
I 

Praso odymJ.um (~iF';l.1_1"'o 3, Table 5). A VAry largo amount of' work 

has br-rn dono on praseodymium absorption, both in crystals and in 

solution. One of thn most intnr"stinc points with respect to the 

pr•osent work is its c onfirmnt ion of the ultraviolet absorption peak 

at 214 mp.. As provious ly m0nt ionod, this prak ,,,7as missed by P2:oandt 1 

and Scheiner, pro>ably because it appr>ars to come and go, depending 

on the solution concentratio~-~, as pointed out by Larionov, r:ovilcova

Minash am'l Seidel(l7 ). Th:is effect may account for th0. double peak 

obsnrved in the prr:sont work. Tho peak is a very large one, and its 

presence was confirmed by the prrparation of solutions using prasoo-

dymium from bvo differcmt sources. 
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The present work missed the satellite peak at 597.7 ~l reported 

by Prandtl and Scheiner, and confirmed the one at 1000-1025 m,u l"'e-, 

ported by sr,vor•al oth"'r \'!orl{Ors. It is intf'rrsting to note that 
(27) 

Stair and "Paick found this p0ak in their prasGodymium glass at 

approximately the same location as rnported by vapious people vvorldng 

with aqueous solutions. No eviClnnce was found in the pr"'sont work 

for the 760 mu p0ak reported by them. 
I 

In tho case of references (40)and (41), k values (the molecular 

absorption coefficient), w0re estimated from th0ir eraphs, and 

converted into molar extinction cooflici"'nts by divi~in3 by 2.303 

before placing them in 1able IV. In the case of rnforence (42) , the 

percent absorption was presented graphically, and it ws.s necessary 

to subtract this from 100% to got a ''%transmission'' to usc in cal-

culating the molar extinction coefficient by Beers' Law. The "f:." 

valuos·given in Tables 5, 6 and 7 for the fi~urns of stair and 

Faick( 27 ) on soda limo glasses wrre calculated by calling the dif-

fer0nce between the transmission of the raro earth 3lass and tho base 

glass the % absorption duo to tho rare narth ion. This was then 

subtracted from 100~ to give a b'::nsmission figure for substitution 

into Boors' Law. A furthrr assumption was made that the glass had 

a dnnsity of 3.5 so as to pnrmit calculation of tho rare Parth con-

centration. The slisht difforonces in thicknesses between the 

base ::;lass studied and the var3.ous raJ.,A earth glasses were ignored 

on the assumption that they would bo compensated tor by the fewer 

numbor of base glass absorbing units per unit of longth in tho :i."are 

earth ::; lass. It will thus bo sePn that tho final values ob-

tainod are very approximatr ostimates, and arr: of value only as a 
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ready moans of cotnps.rison botween tho praks of the Stair and Faick 

study itself. It is intor,...sting that tho?::. values thus calculated 

are roughly of tho same orde1 .. of magnitude ( 1/10} loss than thn 

present work in tho case of both the praseodymium 1020 mp line and 

the sama~ium 1095 mp line. 

Consideration of Table IV shows that tho infrared peaks at 

( approx.) 1020, 1440, 1540 ancl. 1900 ~u havo all boon ro""Jortrd by at 
! 

least two work0rs. Tho praks at 760 and 1650 mp have been reported 

only oncr in each case. 

Neodymium (Figure 4, Table 6). Mm:>e work has bnrn done on the 

absor•ption spectrum of noociymium than on any of the oth0r Pare earths, 

save porhaps for praseodymium. It has a very complicated spoctrum, 

particularly in tho vtsiblo, which ·;ivos its solution a beautiful 

purplo-viol0t color. 

l'J.[;a in it was no c es sary to ca lcula t,.. ,~~ val uo s from tho lit nx•a-

turc data for usc in Table 6. In the case of ~efcrencos(45 and 46), 

- tho molecular absorption coefficient was prosentod gr>aphically, and 

tho values W<'ro-convcrted toE_ by cl.ividing by 2.303. In roforr-nce 

(47), tho% absorption was given, which necessitated conv0.rsion to% 

transmission by subtraction from 100%, and calculation of ~- by 

Boors' Law. Again, thr: calculation of tho value at 770 m;u foi' tho 

case whore neodymium oxide was 0issolvod in soc~a limo glass (ref-

r:::rrnc o 2 7} was c1.ono by thr ra thor dubious mr:thod o.r. scribed under the .. 

praseodymium discuss ion. 

It will be seen that tho ~-values of tho present work agree 
' 

quito W0ll with r<:for r-nco ( 4:6) in the 330-500 mp range, and with 

rofnrrnce (45) hC'twecn 500 and 600 mp. As would bo oxpoctod, the 
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agreement at 740 and 795 mp with the date~ of Specl.cling, nt al (
52

), 

is cood, since tho same type of instl~umr.nt was ·used in both cases. 

Tho probable rrason for the lack of e.grromcmt which is othnrwise 

obscrvPd in the various data reported will be discussed below. 

Somo of tho fine structure r.~ported by Prandtl and Scheiner 

and by Yntoma( 8 ) was missnd in the prosont study, as 

(45) 
was tllo 794 m;u 

I 

prak reported by Hoogschagcn, Snook and Gorter • A very small, 

previously unreported pr>ak was observed at 960 m;u. 

Samarium (Figure 5, Table 7). In gonoral, all of the praks re-

pOl~ted by Prandtl and Scheiner for s.::marium were found in tho present 

vJorlc, although se vera 1 o1 them appr; arcd only ns shoulders on tho sides 

of other . peaks. In adDition a now peak wc.s found at 252 m:u. Tho 
I 

three new praks at 523.5, 530 and 581 roported by Franzen, Wcudon-
(49) 

borg and Qortor , wore not found. 

previously reported by Yntr.ma(B) (530 

One of those had boon 

mp.) • 
I 

The chief fraturc of tho sama:r•ium spc:ctrum is its l~clc{tivcly 

largo number of infrared praks. Only two of these could bo ob snrved 

vd th tho Bockmam instrument (955 and 1095 rnp), but many more exist 

at longnr wavn lr·ngths as is shown in Table 7. 

In this case, the 940 anc'l. 1075 m}l absorption peaks of samarium 
(26) 

oxide dissolved in a borax prarl as reported by Rosenthal would 

seem to b0. shifted towards thA blue side when compared to r•nsul ts of 

other workers using aqueous solutions. 

Tho Table 7 values for• E .. f1~om rcfcroncos (.41) and (49) were £?,gain 

calculated from k values estimated from their published curvos, and 

tho t_ tralucs of samarium oxide in soda limo class wore calculated by 

the method described under praseodymium results. 
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Promq_~h~um (El~"m0nt 611. A supply of this c lr:mont was not 

available for the prr:sont study. The only information available 

' ( 4 8) so far is that of Lantz ana Parker • They determined tho absorp-

tion spectrum of Pm(1'~o3 ) 3 in 0.1 n HNo
3

, using a Beckman LD 

Spectrophotometer. The approximat0 

taken or calculated from their curves: 

wave Le n::fit }},_ .{_wl_j_ 

495 

548 

568 

627 

683 

697 

733 

778 

805 

values and peaks below are 

11.8 

11.2 

11.2 

4.2 (shoulder) 

4 .2 

4 .4 

5.2 

3.0 

2.3 

They boliovo that a lar:::;c instrumental error 1.vas present below about 

600 mJ.l• They x•an a Nd(Fo3 ) 3 curve on thr: same instrument, and tho 

results arc listed in Table 6 for comparison with the prC'f3ent work. 

It will be seen that, in general, they are lower. It is probable 

that their instrument r0quiros a broader effective band vvidth than 

the DU model. The ol ... ror which thus results will be discussed further 

on in this report. This would suggpst that tho E values above may 

be too lovv, at least for thr more rn mblo rendings abo vc: 600 m)l• 

Europium (Fir;ur"" 6, Table 8). A n(')w p~ak in tho ultraviolet 

(at 222 mu) was found in tho· present stury, wh5.lo sovrral of tho 

sma llor poaks re port0d by pl ... and t 1 and Scho incr wrro missed. Tho ir 
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poaks at 316.8 mp. ano, 374.9 ll}U apprared only as shoulders on adjacent 

pra1{S in the prn s ont work. 

Tho rcdwGrd shift proc',uced by nitrat0 ion as compared to 

chlox•ide ion is shown very wo 11 in tho 4 64 m)J. group s tuc'lied by Freed 

d 
_ • Un) 

an_ ~e1ssman • 

Tho only absorption ro portod for europium at wave longths 

greater than 536 mp. is a poak found at 2133 by Rosonthal( 26 ) using 

his borax poarl technique. 

Gad_olinium (Figuro 7, Table 9). Vnry little clata has bor:n 

published on the absorption of e;acl,olinium ion in solution. Such ab-

sorption as thr;rr is occurs in thr ultr•aviolet - a fact which is 

presumably tied into the stable structur" given to gadolinium by its 

half filled 4f shell. 

The present worl{ confirmed tho pral{S reported by Ppandtl and 

Scheiner. Tho absorption -peaks arr: vr:ry sharp and tho 275.2 mu peak 
I 

could not bo resolvr;d fr•om tho 275.6 mp. absorption. 

Terbium (Fir;uro 8, Table 10). Sov~ral now pnaks w0rc observed 

for terbium absorption in tho ultraviolet and in tho near infrared, 

but some doubt is cast on thrir validity by the apparent dyspi'osium 

contamination prrscnt in thr stock used. It is quito probable that 

tho peaks soon in F:L,surc 8 at 255, 325 1 338, 351, and 388 m]J. arc 

from this source. Tho material usod W<:.lS ropOl"tod as having less than 

1% dysprosium present, but it SGoms quito likely that tho level of 

contamination must have boon somewhat highr-r. :Because of this, it 

cannot bo definitely said that tho praks at 224, 230, 815 and 915 I1JU 

ai'e duo to terbium, rathor than dysprosium absorption. Hoozschagon, 

Scho~te and Kruyor( 50) roport sizeable dysprosium P"aks at 805.5 and 
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at 909 mp.. No information is a va5_lablo on dyspx•osium absorption in 

tho ultraviolet. Tho height of the 224 and 230 mu absorption peaks 

shown in Fi~;uro 8 might be an argumont for· thoir being really duo to 

terbhun absorption ra thGl" than to the dysprosium contamination. 

Discus~ 

Tho Dutch group, headed by Gortor( 401 411 43 ' 45 , 46 , 50 ), have 

boon about tho only othnr systematic invosticators bf tho quanti-

tative aspects of rare c:.arth light absorption in solution. Thev 

have used their curves to craphically integrate an expression giving 

tho electron transition probabilities rcprosonted by tho various 

peaks. A similar calculation could be made on tho basis of the 

c'.ata of the present work, although the results would prob::::_bly have 

meaning only ovc:r a limi tod s po ctra 1 range because of s orne of thn 

errors discussed below. 

Tho chief error in the prrsent work arises from the limitations 

of tho spoctrophotomoter in moasuring absorption bands as narrow as 

thos o occurring in the so rare f'arth solutions.. S J.nco many of the 

bands measured in tho ;:>rnsont study arc of the order of a few 

angstroms in width, pas sage of '.Vidor light bands throu_;h tho ins tru-

mcnt rrsults in a "light leak" around thn peak, and a lovJOr op-

t teal donsi ty roading is obtained as e. r(' sult. Th0 band width which 

can be obtained at any c;i von wa vo length with tho Bockman ].ns trumont 

is tho resultant of two different effects. first, the intensity of 
' 

tho source for lic_~ht of that wave length, and secondly tho degree 

of dispersion of tho liz,ht by tho prism at that wave longth. In tho 

ultraviolet, tho dispersion is excellent, but tho bo~efit is largely 
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lost due to the lack or· a high-intensity source of light of short 

1 tl h k 1 f . l • f' t. (51) h' h wav(') ens :1s. T F> Bee man peop e urnJ.sn ln_ o:rma 1on w 1c can 

be combined ·with the expPrimental s 15.t openings found rieces sary at a 

civen wave length to calculate the effective band width actually 

being used. Such calculations have been made for the present study 

and the results are presented Graphically in FiGure 9. It will be 

seen that the instrument gives quite satisfactory band widths in 

the 320-500 l!l'it)l range, but that considerable error is possible at 

either end of the spectrum when shar•p absorption peaks are being 

measured. The widths in the 32 0-500 mp. rane:e may be much better than 

shown in the .graph, since the exp'-'rimPnte.l slit widths are so small 

that the formula does not properly apply. 

The effect of this can best be seen in Table 6 by comparing 

th C' .. ata f d "tb th f H h Snoek B.nd. rTort"_.r( 45 , 46 ) e 1 oun Wl . OSe 0 ,_008SC agen 1 ~ n 

on the absorption of neodym5.um solutions. These workers apparently 

did not get very narrow band widths in their first experiments over 

the 34 0-480 mp. rangP, and later repAa ted the work aftAr redesigning 

their equ:<.pmPnt. It Yvill be seen that their second set of data 

a::;rees quite '\lvell with that of thA presAnt work in that ran.:;e- both 

being much higher• than their fil'•st :r:'ic;urcs. Above 500 mp, however, 

their fic,ures start to show marked incr~ases over those found in 

this study - the difference undoubtedly bein3 due to the wider ef-

fective band widths being requirAd at the longer wave lAngths by the 

Beckman instrument. PI"esumably many of the other differences in the 

~values reported in Tables 3 - 10 could be accounted for on th~ same 

basis. I"Iost of the publJ.shed work makes no mAntion as to the extAnt 

of this band width error in the figures given. 
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No studies have been made on the validity of Be~rs' Law 

(lineal' change in(:::.. with conci'mtration) in thAse rare r:>arth solutions 

with the Beckman instr1..1.ment as a part of the present work. on the 

basis of the discussion above, it would be expPcted that it would be 

followed fairly closely in the 320-500 n:,u ran(:;~?, but that it would 

not be adhPreA to for peaks away from those limits. Fortunately, 

many of the rare Parths studied have satisfactory peaks in this part 

of the spectrum, and these might be used for analytical purposes 

with the Beckman spectrophotometer. 

The other errors involved in the prPsent ''fork o.re minor com .. 

pared to this 5.nstrunwntal limitation. '"!eighing erc--ors in preparing 

+ d the solutions WPre of the ardor of - 0 .2,c. Many of the solutions 

were made up in 2.0 ml volumetric tubes havinG straight sides. The 

error in reading the meniscus on such tubes + is of the order of -0.5%• 

No tempPrature control was used in the case of eadolinium or 

terbium, nor for some of the rechecks on the other rare earth 

solutions. The effect here is small, as is shown by the following 

data for =:acl.olinium pPrchlorate absorption at the :i.nc1icated wmre 

lengths and temperatures: 

272.8 mu 
! 

275.5 

Observed QpticaL_pensit_y 

at 22° C £.!_ 31°C 

0.308 

o.F34 

0.311 

0.132 

The instrument will vary this much in reproduc:J.bility with these 

sharp peaks, and the ).nd.icat8d differPnces cannot b0. consid"'red to be 

s ignif ic ant as far as small temp0rature char:c;P s are c oncerr.ed. 
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Another possible sou,:--ce of er':'Ol" comes ~-n the lij:1t absorption 

due to the perchlorate ion prrsent. Before a measurement is made 

on th8 test CAll with the Beckman instrument, the circuit is balanced 

at P.ach ne-vv wavP length against a cell which contains pure solv0nt. 

In this study, th"' perchlorate ion concentration in the solvent cell 

was adjusted as closely as possible to that of the test cell so as ~ 

eliminatP any possible difference in p~rchlorate ion absorption. 

Table 2 indicates that the concentrations wore not always exactly 

the same, so an error would come in if the pPrchlorate ion showed 

much absOl.,ption at that vvave length. Th:Ls is not of importance, 

save ]_n the far ultraviolet~ as is shovvn by Fi~:urP 10 which .~ives the 

light absol"'ption of a solution of perchloric acici as compared to 

distilled water. ThPre is substantially no light absorption by per-

chloric acid at wave lengths .::;rPatPr than ZOO m}l• 
I 

Dr. B· B· Cunningham has pointed out that for some of the rare 

earths (praseodymium, Gadolinium, nr>odymium), the obsorvalbile 

ultrav:tolet absorption 5.s not tremendously grr>at0r than the absorp .. 

tion c1.UP. to th0 "forbidden" trans:ttions in the visible range. This 

might be considered as evic' ence throwinG some c'oubt on tb.e current 

assumption that the ultraviolet absorption repr8SP.nts transitions 

diffPring markedly in probabj_lj_ty from those of the visible. 

cone lusj_on 

A series of refPrPnce curves have been prPpared showing the 

light absorption of the rare earth P""rchlorates from lantt:.a.num thro~ 

terbium, with thA except:'Lon of pl"omethium. The data for these curves 

have been compared with those found in th"' literature, and the sources 

of error in the present work have bPen discussed. 
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Table 1. Rare Earth Stocks Used in Preparing Solutions 

ifument Compound Source Purity 
I 
I I No !Lanthanum La 0 Ames, Iowa other rare earths 
! Igni ~e~ from I Sample C-6-77A !detectable. Would not 

I 
i oxalate be able to determine up I 
! to 1% Ce02 

spectrograph i-
I cally. 
1--.... ~- . 
:Cerium Ce me·tal Ames, Iowa IJ.!Iay be up to 1% La metal 
i Sample A-6-90 No other rare earths ! 
i detectable, 

JPraseodynium Pr6o11 E. R. Tompkins No detectable impurities 
Clinton Labore.- ·by radioactivity analysis 
tories, Tenn. e.fter neutron pile 

irradiation 

Pr
6
o

11 
Adam Hilger Ltd No lines for rare earths, 

! Lab. No. 1533 I Co, Cr, Fe, Mn, Ivb, Ni, 
I 

·rb, Sb, Si, Tl, V, Zn, Zr 

Neodynium Nd2o
3 

Hilger F546 Traces: Yb, Ca, Na, Fe 
Lab. No. 6783 No lines for: Ba, Er, Eu, 

Cd, La, Lu, Pr, Sr, Tb, y 

Samarium Sm
2
o

3 
Research Chemicals !Marked ~ 99% pure 

I 
La bora tory, Burbank, 
California. i 

l 
H:tl f'e r F548 
Lab. No. 6784 !Few Gd l:tnes on spectrogra, 

1 No lines for other rare 
earths. 

Europium Purified this Ce, Dy, Gd, Ho, Nd, Pr, Sm, 
laboratory from Th and Y not detectable 
"~&cCoy" E~(c2o4 ) 3 (Limit== 0.2_%) 
10 H20. Vleigfi.ed ·~ 
as Eu 0 . 

1--------~---------+---:2-3 ----·-· ------------1 
1,: Gadolinium Gd 0 Hilger 1 Yb line (barely visible) 

2 3 
!.------------4---~--_..--~----+-~L~a~b_.~N~o_.~l~0-7~3-----+~N~o~l~i~n_e~s~f~o~r~o_t_h_e~r __ R_ • ._E_. __ 

'Terbium 
! 
l 

Weighed as 
~b4?7 .after J.g'n:t t:1ng 
Tb(Br0

3
)

3
•9H

2
0 

Na.tional Bureau 
of Standards • 
":f/=50!1. 

Dy - up to 1% 
Gd - up to 0.1% 
Y - Trace 



Table 2. Rare Earth Solutions Jsed for Measuring Absorption Spectra 

i Element l Final Solution 
Cone. R+++;! Cone. excess 

------+ 
i I 
: Lanthanurq 0.154 liT 

\ Cerium j 0.0147 

l 0.00147 r· 

i Praseodynium J. 0725* 

0.119* I 
I 
! ....... • 

1';eodyn1uml 
. i 
; Samarium! 

0.152 

0.651 

0.147** 

' Europi urn t 0.153 

HCl0
4 

0.098 .M 

0.91 

0.94 

0.665 

0.172 

0.088 

0.10 

0.11 

0.095 

Gadolinium 0.152 j 0.095 

-~ 
t 

Total Cone. 
Cl0-

4 

I 0 56 Tljj ! • .. ... 
I 

I o.gs 
I 
1 o.94 

! 0.88 
i 
1 o.s3 
l 0.54 

! 2.05 

l 0 5" i '. t} 
i 
10.55 

I 
i 

Jl 

[1.02 

lLo 
I o.9s 

11.1 
10.89 

lLO 
I 

!-t.o 
i 
!0.94 

11-.02 

HClO Cone. 
gf 

Comparison 
Solution 

0.55 M 

0.94 

0.88 

0.88 

0.55 

0.55 

2.05 

0.55 

0.55 

Used for Sgectral 
range: (A ) 

i Complete 

280-1100 A~ 

214-280 

212-320 

320-1000 

Complete 

220-330 

330-1100 

Temperature 
Control 

0 
25 + 0.2 c - 0 
25 + 0.2 c - 0 
25 + o. 2 c - 0 
25 "t 0.2 c - 0 
25 + 0.2 c 

b 25 + 0.2 c 

Room Temperature 
0 t 25 ! o.z c 

; 0 Complete j 25 + 0.2 C 

; Terbium I 0.192 1 0.89 

\ ... -------. ·------~----------------------- ---------· -··---- ----- -------

,0.55 

11.46 
l 

It. o1 1 o. ss 

__________ jz_~ ~-~---- t __ ~ . 35 

, Complete I Roo~ Temperature 

I Complete __ L~-~_:n: __ !:_~~~~ ture 
·----- ·- -------·-···-··----·-- ··-·----·-· . -··---~ 

* From Clinton Laboratories (see Table 1) 

** From Adam Hilrer, Ltd. (see Table 1) 

\ ,. 



Table 3. Li.rrht Absorpti.on by Solutions of Lanthanum Ion 

;Present Work 
1
See Table 2 

'' /\ 

mu 

* 

c c 

212.3 ll.O 

* 

.. i-
Ref. 16 

Chloride 
in ~2 0 

<1M-

I 
/\ 

fill 

No absorption; 
in 820-1160 · 
range 

54 

lJi tra te 
25 r:/1 

T 
' 

I 
r: !\ 

i 

355 0.06 

Not a peak, Absorption at lower limit of instrument. 

i 

j 
I 

-{ 
' ! 

I 

I 



Table 4. ,Li,ht Ab~orptioh by Solution of Cercus Ion. 

1 -·--=p~_r_e_s_e-nt..,.....'""V1==-ro_-__ r""'='k-_--~---=Re-f~..,3"""4--~3.,..8--l,_,, -----------35-----------!~------1-----~--,. 
ce 

2 
(so ) in H o ~-Chloii'de?----rc1iTorfCfe_?' ______ ic'filo-ride -f~~ Chloride- ---- ----

Ta~~: 2 (0.046>1-il.4e6g%)lin H~O lin conc.HCl 'in EtOH i in weak 
j j (0.0 8-0.7%1(0.007-0.35%)(0.017- ~ acid -

{ rl A! c ~1; .. ~--~;--·-- :;~~~ ______ _: ____ _ 
:3.8 .-4-36-.tl--=m:'::'!'p~----t~--- ~-r -~-- Imp -~?--------------- ---'mp ___________________ --.---

2 21. o 4 7 61 , . I 
. 238 .o 655 

253 .o . 7551 
296.0-296.~! 25 

'( 

223.0, 
240.0: 628 

254.0 7313 
296 .o ! 36 

' i 
238.5 1241.5 !239. 0 

1248.0 i 
I 

l252. '() 252.5 !258.5 
295.0 i310.0 295.0 

* Not a peak. Absorption at lower limit of instrument 

237.2 

253.0 
296.6 





Light Absorption by Solutions of Praseodymium Ion r--------------w.--__:_________ -----·---,-Table 5. 

Present Work' Ref. 40 43 

See 'I'Rble 2 hloride in 
i(o.o594M-
, 0 .1127M) 

42 1 41 52 53 ; 26 ...-....+------------..,_._1. ~---~~---~-----
Chloride ~~ Chloride in !Chloride Chloride?\ Oxide 
H

2
0 11 15%" H

2
0 O.l69M , . ! in Bora 

N1trate in H20 ! : Pearl 
O.l69M· ; : !1 

,;.-------,-·z---~·-c--r~T-·-·r--~~·-" · ~,.¥ ............. .,.,_ ____ T""_~·----·----··-'··-~ ---~---1-·-· ---'---·r--~-

: > ,.., 1' c ... j ' 
_,....__---!-.. --. --·---··--

. mu 1 mu l i r~ l mu 
'\ <... ;, c f.. <.. 

i mp +-- 1 ID!i - ,. j .; 1- ~~ ' j r I : • . 

i i I I · 214.o 23.1 I 1 
218.0 23.2 I t I 

I I 
1444 .o 9.8 
! 468.9 '4.35 

482.5 3.85 
590.0 1.86 

025 0.23 

I 444.0 I 9.1 
468.8 j 3.6 
481.9 I 3.6 
589.0) 1.87 
597.51 

I 
l 

1±43. 6 0.87 
tJ:68.4 0.49 
/1:83.2 0.34 

585.5 j' 0.26 
597 .o 0.16 ,. -

-
1 

1o2o(c1 ) 
I 11020(NO;) 

I 

! I I 

I l I 
I ' I 
1 1 

I 
I ! I 

0.17 
0.16 

1 44416.2 44417.3 

I I I 

1 I 
I I 

1525 I 1- l650 
---------------------- --·----....L.--....:-.. ..... ______ ._ ________ _ 

* +*Wave length assi,.,.nments from Prandtl and Scheiner 
***Assumed to be 15% PrCl3 ·7H20 in calculating f values 

Glass density of 3.5 assumed in calculating t values 



' 

144! 2o4 ~44o0 444.1 ! 
470: l. 7 i168 o8 469 oO !468 o4 

1 i'~el. 9 481.9 j1s2 oo 1
1 . 5901 1o3 ~89o0 589.0 591.7 

I i I . 1597 0 7 597.1 ! 595 o4 I 
: 1 ! 760:0o02i 1 1 ~ooo Oo071lOoo 1 Oo03i j 1 ~ , 

1 1 1018o2 ,I 

I jl: H50 :.' 0 0 5 1

1

1' 1'. • !~' I, I 
1
1, 1110 

I · · · 151'0 i I I I . .c 

! I I ~ : I 1 

..___..__ __ ...;.!_l_9_oo. · o o 6 _______ : ------·~--- __ ----~------~19~---·-_j_ ~--- · ____ l--.~-~-~9.- _
1 



Table 6. Lirht Absorption of Solutions of Neodynium Ions Part I 
~;~e :~n t-~,;~;~--" ----~~;.--~~-- --r--~-6--- --- --·-- . -·- --·· -~; -- -- -··-·[ . -~8---- ----- ~-- .. --~;--·-- .. .. --· -~ 

~See-Table #m,lo ;:;d. in~.: Chi-~-;~d~--i~~ r~c· .; . Cl1-i;~5~~--~~ -~· ]:-; ~~-~~--·--r--c-h 1~~-id;- --~ 
I ~ weak HCl .0.06U~ : H?O · RNOoz j · 

I 0 l71F : 0 ~o3rf 11 251 " · 
0 

; 

___ .c~-:=~J==J:=-t=~,~~--Jf:~_('c: :-f~? -''rCl,<=~T-l=~-~,-~f_ __ -; 
mu I f; mu j1 mu , . mu 

1
. , mu I mu 

1 :· • w

4 7 i I I ) I I 

. I ' ' i I I : I' 

25Q,/,c I 0.4.1 I I I I 
, I ! 

I I i 
259.8 o.12 1 . . 

. ! I I I 

I ! I 
I

. o. za I 1 
, I 

1 298.~: 1 o.32 298.4 1 o.o87! 

· i I 
1313.8 j! o.l3 1 ! 

1

329.0,0.55 ! !3~8.?. ().57 
I 340.0 ! 0. 20 J i 3-",0. 0 , 0. 2 G 
I 346.8 ,2.91 346.5 i0,17 i 3f.6,5 I 2.78 
I 3so.7 

1
2.13 350.4, .o.32: 350.,1 i 2.os 

I 351,;,.o 1 -Ll3 35;L8 !o.l7! 353.8: 1.12 
I I I i I I 

! 380.8 I 0.026: 380,6 I 0.06 380.6: 0.04 
418.5 1 o.059 1 418.2 ~ 0.10 1 
121.2 I o. 6o , 121.2 o. 2s 121.2 : o. 76 

I 
I 290,5 

433.~ I o.u 433.2 ,0.13 433.21 O.ll 
461.0:0.12 t,.61.2 1o.s2 -~Gl.2: o.5L) 
469.·1 I' 0.57 469.1 10.~8. 469.1

1 

0.59 
I I 

47F5.7I' o.57 475.5 jo.57 i 475 .. 5 n,65 
1480.0 0.27 480.2 1 0.15 i 480.2 0.2·1 

I 1 i 
1509.~! 0.9 509.0 1.69: 
:512 . .:> :1.50 512.9 j1.70 I 

1522.3/3.74 521.913.9 1 

I ! ! I 

1532.0 1 0.35 532.0 0.431 

I. I I 
I 575.5 !I 5.97 575.2 17.4 
]578 /4.8 5'78.·'1: !5.4 

411.5-
465 .o: 

i 
I 

472.5- i 
~,80.0 i 

I 

i 

1503-
! 510 

I 
I 
I 

I 
i 

520.0 i 
I 

I 

! 
!567 .5-

I 577 ~ 0 

i 

I 
! 
I 
I 

I 
i 
I 
I 
I 0.86 ! 

I 
o.sl I 

o. 78 

1.4 

L6 

I I I 
623 I 0.059 . . I 

! . I 
627.s.

1
!o.o66; 62B.sio.l5! i ] 

522 

575 

i 

I 
i 
I 
I 

i 
I 
I 

i 
1.24! 

I 
I 
I 
I 

i 
l. 73 j 

I 

i 
I 

I 636.5: o.053: 636.9 1io.l3: : I 
~----L---·-------~-------- ---............ _ ... ·------·--··-· ---·----- --··--·- ....... _ ................... J ...... _ ........................ . ......... .J 



Table 6, Part I (Cohtid) 

679 0.38 678.6: 0.52 i 
6R 7 • 7 \ 0 • 2 6 i 
732.0; 5.63! 
HO.O j 7 Jc i 

79-1.0 i 1.3 ! 
798.5:13.0 : 
801.0 i G.l i 

866.0: 0.11 

·- ·--- - ... T-----·-·t·-----r- T ...... ·-·· ------
1 I l I ee5 0.22 

732.5 2.9 
74,2.5 5.6 

797 G.9 
803 15.3 
868 2.9 

' / 

895! '· 0.10 889.0 ~1. o.o9 
960 0.039 1 

l I I 
I ! I! 

1. 04\ 738 1. 97J 740 
I I ! ! 
: 7~H : 0.911 796 1.841 795! 
i I ' I 
!wto o.33 i 862 0.681 1 

I I j 

I 
I' 

I 

I I I . j 

1 
1 

'---···· -- ___ _l ___________ : .. _______ _j ______ j _________ ___!. __ . __________ l _____________________ --------·- _____ l_ 
I 
I 
I 

6.13 

8.1 

-- ___ j. 



s3 --- t 54 1 2 7 ___:r~ bl_er~a~..ar:t....rf---8·- ---·;-------~11·- -r--·ia--··-, .. ·--r6·--
·----,--+-- ·----+1 · --·----L ·-----... -------· -------t··---·- · .•. ·. --- ------~--~----~-------'·--··-·---------·--~----- ·-·-···· .. -

Chloride?! Nitrate in· As oxide (10}0 1 Chlorides; "Sli(!htly ~- Nitrate 1Sulfatei Chloride 
. i H 0 in soda lime ! in weak l Acid in in ! in H 0 

·, 2g r:/1 .P'lass I acid . i Chlorides"] Water Water? i:\·.R -8~) 
' ·. ,t}!J: I . . -1-·-· ~---t--·----t~~~..>"-· __ ..; ___ ., ; . I . ~ l _. ·!. ,, .. j /~ ~ . ... . ... ~ · ~- /~. 

: .-\ ! { I ;\ ; i: i ,_\_-+_c _________ ,;,1 m-'_·_\u-- ------····-·t' m·~}l-- ............... ··---{ .. m .. t(u, --- ..... ·11 
m_,J.ll ___ ·---i'. ·m-~u~: _____ --,· ~----------1---------·r-------------+- .. --.. --,--- ---4-- -- .... -

j_~~------J. --~~--}~j _______ _j_mp ! , . ' I , -l ' I 
i i 250. 4 I I 1250. 5 i i 

i 258.9 ! 1 : : 1 

i 

350 : l. 7 

I 
I 
I ~t30 0.06 

I i 
I t±65 
\ 

! 0.33 

I 
' I 

' i I , 

1520 ll.E 

I I i ' 

3.5 

259 .8 ! . 1260 ; I i i • o I 

1289.9 
I 291.7 

I 
j273 .o i! 

I' 277.5 

I I i 

1298.4 
: 299.7 
1313.8 
I 328.2 
i MO.O 

. I i 

1346.~ 
! 350 • 'z 

I 353.8 
355.7 
~')80. 6 380. 3 

i ·118.2 1418.5 
I I ·~ 2 7 . 2 4 2 7 • 3 
I ! 4?9.6 1~~29.3 

l
j J LJ:33,2 J 433.1 

I 

1461.2 1'~61.2 
I I 1±69.1 ! 469.1 

I i,.,:r75.5 i475.s 
I i 480. 2 I 480 3 

I 
I 

1 
t18 6 :9 

I 509.0 I 509. 1 

I
' l 512.9 i 512.3 

520.7 1520.5 
. I s21.9 1 522.2 

I 1 525.3 

I I 

)

' 532.0 i 531.9 
1 572.6 

I
. 573 .1 

l 575.2 571.8 

I 578.2 I 
1 581.6 

460.5 
(.1:69. 2 

475.2 

508.8 
511.2 
520.6 
522 ··1 
52-1.5 
528.5 

532.4 I 

! ' 

I 
I 

I 

I . 'JJ!. . 1 , 582.3 · 

! i I 588.8 I ., , u~ . 622.8 ! 622.8 I 

! : I i 625 .1 ! 625.3 I 
/ ! 1 628.8 i 628.6 : I 
! 0.11 l ___ _L~~-~-:!_-~37 ·~ ____ _l__, ____________ _L ___ ...,. __ 

. I l t 635 



Table 6; Patt II (Cont'd) 

:.---~ ---, --:-------~----·r· ------~-
i I 685! 0.3911\ I I 
' I I I 
1740 6.27~ 7L.l:2f 4.4 i l . 
I 795 7.78 800 5,1 

770 
o.

35 

1 865 1.3 

. 1630 0.038 
I 2430 o .21 

-..L-....--'------'--· _.l___ ·-· --...!..-----' 

-------- ----~-T-·-- -----·--------· -:-- ----- ------ .. --------r··-- ------ ----·-·--·----~-- -------------, 
! ti72 .o : ! i i 

678.6 I t.78.6 I ! \ 
687.7 i 687.7 : I 

I ! 
I 

866 .o 
875.5 II 
889.1 

____ 1__~---------·-------·---·-···--.l 



Table 7. Li~ht Absorption of Samarium Ions in Solution 
j·-------------· ------·-·--------- --~,·----······ ...... -~-- - ''"'' ··- ... ···-····· 

Present Work Ref. 49 41 54 52 53 
- --- .... ··---- -------------------------- --- --·-·-'-· ----------- --...---.. ··---------·--------·-------------

See 
Table 2. 

~ 
Oxide dissolved Nitrate or Nitrate .Chloride Chloride!., 
in Hro3 . : chloride in ; in H?.O 

1 
0.3-0.91-': ! weak acid. : 25 :!.71 

I ~~:~.;I __ ~:_: ; .. 1~ : _ !3 ~ ~F < · ::.:i t2~f~M:_t_ _:.~ ·;r:+.z:J.s..+c~~~ ,:s: __ _ 
m;J ~ m~ I ~ mu · j mp ,. j mp ! jm11 

1 

20s.s 1 1~26 ,,i 1 ! l 
238.5 jl.26 i I 
252.0 

1
1.01 1 

1 
, 

273.o 1 o.o9s I 
279.0 1 0.086 I 
289.7 ·o.o83 
305.5 0.15 '· 
317.5 o .34 I 

HU His I 
362.0 :0.69 li 

374.6 '0. 66 
3 90. 5 i o. 31 I 
401.6 i 2.9EJ 
407.4 I 0.56 I 
414.7 I 0.45** I 

416.0 I 0.43** I 
418.0 ! 0 ~ 38 i 
440-4421 o.16 I 
1s1.1 ! o.os8 I 
464.0 I 0.50 I 

4 79. 0 l 0. 55 ** ,. 
489.2 0.12 

499.5 I 0.075 I 
I 

I 
558-559 0,054 I 

I 
955 

1095 
I 0.35 
,1.42 

I 
*i 

362 .0* ! 
374.6* j 
390.5*! 
401.6* 1 
407.4 ! 

*' 416.5 ! 
I 

442.0 : 
*I 451.3 I 

*I 
463.9* l 
479.2· I 

*' 499.5 l 
523.5 I 

530 .o* 1 

559.3 ! 

581.0 

0.22 ! 
0.78 .I 

i 
0.65 

I 3.8 
0.59 I 

0.54 

0.15 
0.05 
0.56 
0.56 

0.07 
0.008 
0.015 
o .o~~ 
0.016 i 

I 949 I o.39 
I 

jl087 \ 1. 63 
I 
' I 
I 
i 

:365 \0.30 

• 402 iO. 9?. t401 ~). 38 !101 3. 09 

· ·140 jo.u 
i 1 

I 

! 
I 

i 

' i 
. 480 !0.44 -1 

; I 
I I 
I I 
! l 

l I 
' ' . I 

j 950 !0.30 
! j 

I 
I 

l 
I 
I 

1 

I 
I 

-;r ----'----·-.. ·--·-'--·----·----'--·--·-- -·----·- -·-----------· ----. j_,_,_ -'·-·----·--- j _________ ,_, 
**Wave 1en~cth ass ir,nments from Prandtl and Scheiner. 

Appears as a shoulder on another peak. 



'l'able 7 (Cont 'd) 

__________________ _:'!__ ______________ + ____ : _________ ~------~~=~-~-~-~==-=_!-~-~=---~:· ---15--------.~ 2 6 ---- -____ f --·---- --25____ I 
Oxide (10%) in ! Chloride : "Sli~:htly :Chloride Sthyl 'Oxide , Borax Bead 1 

soda lime <"lass [in weak ! acid in H
2
o ,Sulfate in Borax ! Sm salt con-i 

lac id Chloride" 1 8rA: ; in H?O ;Pearl l tent 10-50% j 
: . t kJ I i I 

-·~· -. -·--· •.• -----.-·--·-··--··· -~------ ______ t. ____ , ________________ ---· ~- ······-- -·-------····---------·----- - ... _. ··- ..•.• :- .. ·-··· ·---------.. ·-i-· --- ·-----~--....... ..,... ___ ....... , _ __.,__, __ t < i E : A i t< .. <, . ;\ /. ! -~ ! 
·---+----------;-----~----------- -'---------------------'--· ---- .. ___ ,. ·-- -----·-----:------------------ .. ' 

mu I i mu mu : IDJ.l ; mu. ·mu ,.,p ' I ' ' .1· ' I 'll 
' /~ / 

llOO 0.12 

1470 ;0.38 
i 

1920 0.06 

2620 0.12 
4100 ! 

! 235.4 
238.8 

273.7 
i 279.0 
! 290.0 
! 305,5 
: 317.5 
: 332.6 
i 344.4 
i 353.5 
362.0 
374.6 
390.5 
401.6 
407.4: 

; 414.8 
; 41G.4 
418 

!374.0 
I ~~90.5 
i401.3 
i 407.1 
! 415.4 
417.7 

438.9-443.: 441.1 
451.3 
463.9 463.6 
479.3 479.4 
489.2 489.3 
499.5 499.5 

529.7 
!559.3 ,559.4 

llOO 
950.8 

:1086.9 
' 

948.6 
1087.9 

! 940 
11075 
:1217 
l13RO 
:1·465 
1525 
1595 
1640 

12033 

1250 
1390 

i 1500 
I 

: 1560 
I 
j 

' ··!·-----· ~-- - ····--. ---·~·· ·- . - . . --. . ... -~--- ··---·· ------ ·····- .. ·-·- --- -··· --·---------··-- --'-·-···---- --- --·---· -- ~----



,. 

Table 8. Lig-ht Absorption of E.1ropium Ions in 3olution 

. _Pr~-;-e-~;~~Y£;;~-l.~=;~r_. ___ -1~--------~-----_----~----- --;~:. __ ----- --~~~--r--~-;-~=~J~=~;-~~~--~~~~--i-==;~-::·~-~--~~~---~ ~~=~] ________ 5_6. _______ ~- __ J~4 ___ _ 
Chloride in 1 Chloride in, Nitrate in 1 Oxide in1 Chloride in. Slightly 1 ? ! Chloride ; Nitrate 

See Table 2 i weak acid I H 0 O.OlM- ! H...,O O.OlM-1 borax 1 H 0 3N · Acid ! i 0.268M · 18.2g/l 
:-- · ~- _ +Q.~H/L__ : o':u1 1 pearl ___ .J.. ____ _: ___________ ~ ___ Chlo_ct::i~J----._,...,------l---H-x-T··-· .L ___ ,. _ _ 

\ I ~~r-- !:_ ; ----------+---- ,· ,:: i ~~------L--~--- . ii " : t ! ·-+-(; 't': ___;;::{ .... t': "i 
mu j m).l i m).l I mu I mp : mu m).l i 1 : ! 

i l I : , l • ! ' i ~ i ; ; . I I ! i I i I I l n /1"0 I ' I ' ' 
6 2G. 0 17 .l i f I : i I 
251.3 1.84 251.3 I i I I ! I' ! : 
256.2, 1.20 256.0 . 

1 
1 

1 
, 1 . 

2 6 7 • 4 f 0 -· 68 6 2 67 • 6 I I; ! ! ! l ! 
285 ~; " 601 2P c:; 3 I ' ! I I ' I . • C· .,· V·• •J ..... "-"'.. ' ! I ! ' 

. 9 -~ ! I 1 1 i , •. e 6. 1 
1
. 

1

- i i 1 1 
. ! ?£! ,.., r"7 ! : . ! j 293~5 i O~wv8, 69o.O f . ! I 1 

I · • 1 1 - 1 , , 
297.8. 0.673~* 298.0 I · i : 1 . j 1 
31B.si o .• 490! 316.8 ! 1 l : ! I 1 
317 7 I 0 7"9 I 31'"' 9 I ' ' ' I I I I · i '· o' I ' · I I ! ! : i I I 

I I '7.20 4 I ' t ' I . ! . : ; .., -· • - 1 1 i 1 l I 
'7 2 t' 0 ' -o 1 2 .1 ' '7 .., r 3 3 2 7 '7. • . . I I I ~ U• i • 0:: ! 0G0 • - •v 1 ' : ! l I : 
v61. 7

1

1 0.418 ! 361.7 I 1 I ' I 1 
*-* I I ' ' 374.9 0 .. 313 l 374.9 . : ! ! . ! 374.9 !0.3 i 

376.0 I 0-346 I 376.6 I i i : I 376.61•'0.3 I 
I . . I I l ' I 

' 380.9 0.288 I 380.9 I, I I ' t' I 380.91'_0.26 I ,. ' ' . I I I I 

: 385.31 0.320 t 385.3 I II' I i I l 385.3,0.3 L b 
j394.3 I 2.36 i 39<t.3 t I . I i 390:2.65! 3911.3 !2.4 f595' .62 
l 465,0! 0.052 j 464.7 ! 46~.0 I c161.4 I ! I ! ! 39~,0 0.13! I 
I I II t.: 6-J: . 5 lt,j, 64 . 8 I ! i ! I 46 b .l 0 . 035! I 
i I' 464. 9 -165. '1 I I I i I ! 
~ 52 6. 2 0 . 0 7 8 _ 52 5 • 5 ,, 52 5 • 7 ,, ! ~ 52 5 • 5 r . 08 : 1 
j ' ' l I 
i 536.0 0.029 i 536.0 I l 535.3 I I Jlj' I 
I . ' ' I ' I I 
I 1 1 , No absorPtion) • j ' i i 
! ! ! I 2133 I in 820-ll60 ( I 1 ! : 1 

L. ___ ::t*Appears asj_snouT~-rer-o·na~lotner-'i"le·e:rc-·----------- --- --------- --- ------E.t?P.Jre- ______ t _____ l __ _! ____ : ___ "j_ 1 1 



Table 9. Lip:ht Absorption of Gadolinium Ion in Solution 
!- ---, ---------;------------ -------- ------~------ --~1'-- --------------, I ?resent Vlork . ~~i~Jd.-in+ Chi~ride-i;;- In2i;;-~ ___ l 5~ ---i Nit~:t~------1 

Table 2 . in Weak ! H
2

0 Lime Glass t_ -' ! 25 r/1 l 
Acid . 5N (10% as oxide) I ! 

: - _I ----~- ,.. ,~-- ! \ <' .. l ,• • i [ ' ' 

•

i,, • ' .,··.' ,'"·. ! i .,_ ; . f \ -· -- ---·- -- "--- !, -"_:' E J. " --~- ,11_., .- .. -~----- -- . - ,I ------·-·--- t---------------- ---------- ---- ;_ .... --·· ---- ' 
1 m)J. m}l mu 1 m)l .. J mp !:'1)1 1 i 

j 2~3 • 6 ! 0 olll:5 243 • 6 \ I ! 
1246.0 0.158 245.7 I I i 
I
I 252.2 ().147 252.1 , 

212 • 1 2 • o4 1 212 . 9 1 212 • 9 :1. s1! 

1
275.6 

1
1.22 *~ 275.6 1 

i 276.2 l (0.572) i 276.2 1, 

j 27° r:; I 0 "0.1. ' 270 1 I _ <: • 0 I •"' ~ l v • I 305.0 I 0.042 305.1-305.5 
13J.0,8 1 0.086 3 1.0.8 

I I 

l ____ L_ 

ranp·e 

I 
I I' 

r ' .... L ... _. ________________ j_ ____________ --------·-·-· .... ..J 

350 

l 
I 

I 
! ~---

No ~bsorptio~ No absorptio~) 
I 

in 820-1160 in 500-2800 J 
~·· _ .. 

/ 

0.08 

** Lost in the adjacent 275.6 mu peak. 

·-



. " 

Te. ble 10. Light Absorption of Terbium Ions in Solution ___ -------·---------· 
i-. --- --------·-·-··-···-······ -·····-:·--- ·-- -----· ····--·· ---·· --·· _,, .. :---·---· ........... ·-····-- ...... " ...... . . " .. . . --·-···-- . ___ , ___ j _____ ·-·-· -. ..... ... l 

r-=~•r::t_>rork_ ~Ch~ffd~+chd~;de---l-oxT~in--h~f6l!- ~ Chi~~;dO - · · · 
1 See Table 2 I in :veak i in H20 ; Borax j Chloride ! 0.412M 

1,-··:-- ------~- -- -~~- ......... -- t·-·-·· a c l_Q --·· ... - __ T ___ ) N -· ··•····--··---.,§lgd ________ T _______ ,, --- -------· -r---~--- ..... -r . -~--- ........ T 
--~-- : t. ___ .... i .... -~: ____________ ~------+-l_ ________ j __ l: ______ . _;__!:,__ ·-!-- .<:.. 

! . . ! ! : I 
i m}l mp ffii.l l m,u · mj.l. _: mJl : 
I ' . l 
' i 
i 224.0 12.5 ! 

i 230.0 12.7 
I 242.0 2.39 1 241.8 
i (255) (1. 92) : l 
! 305.2 l. 

I 
I 311.1 . 

, 3;s. I o.o47 ! 316.o-319.6j I 
I 3±1.8 i 0.109 i 341.8 I li 

Substantially 
no absorption 
in 300-1000 
mp range 

,(351.0) i (0 .343) I I 
i(358.0) I (0.140) I I I li 

369.o i o.294 : 369.~ ! 

1

. 369.4 
378 1 o.i83 375.2-379.71 .

1

.377.3 

nu 1 nn i~u 1 II. t87

•

5 

el5-820! o.o42 ·~· , i 
9+5 1 o.o99 1 . 

1

: 

I No a bsorp- IJ~o a bsorp- j 

1 

I tion in 820-1 tion in 500-~ 
1 1160 rang:e 12500 ranfe l 

-------... 1. .. _ -------~----------·--- ... ----------- ----------·---·-·--------- ............. ,,,. .. ___ . -----........... -.. . 

( ) Probably due to Dysprosium Contamination • 

}0.26 

,0.13 

I 
\ 
! 

I 
I 



.. 

;:;.L~:;?t.:;rr~u:-::;.::0::..·, ~.;.i.<.~:~;±~n· · · .LJ 
~~· ... ..,.., ... ·.s .. ~·\\\('""C ~,..u ___ ""t>JP)-·~~~~.!ll···«···,..-.,<oc'1· . v.'lt, ··. ··.· •\· ·~'"" . ......... .,...4 .... "t.:. . . . . . .. ~ . 
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CLASSIFICATV>~ C•.l·"~-:. ''l ~" 
OFT;·-:,-··, 
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