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ABSORPTION SPECTRA OF LANTHANIDE AND ACTINIDE RARE EARTHS 
IIL THE HEAVIER LANTHANIDE ELEMENTS IN 

AQUEOUS PERCHLORIC ACID SOLUTION 

D. C. Stewart 

Introduction 

Two e a r l i e r r epo r t s ( l ' 2 ) p re sen ted the light absorpt ion spec t r a of 
solutions of those r a r e ea r th e lements which were then avai lable a s high-
pur i ty compoiinds (lanthanum through t e rb ium, and including prometh ium) . 
Since that t ime , s tocks of the heav ie r lanthanides of excel lent quality have 
a lso been p rocured , and the i r spec t r a in solution have been de te rmined in 
o r d e r to complete the se t of re fe rence c u r v e s . This information (on the 
e lements t e rb ium through lutecium) is contained in the p r e sen t r epo r t . 

In present ing the data, compar i sons have been made a s before with 
the l imi ted number of per t inent values which have appea red in the m o r e 
recen t l i t e r a t u r e . (Older s tudies were genera l ly made with m a t e r i a l s of 
v e r y umcertain composi t ion. References to some of these v e r y e a r l y values 
can be found in the papers by Jones and Anderson(3) and Yntema.l^)) The 
mos t comprehens ive of the newer s tudies a r e those of P rand t l and Scheiner, '^) 
Rodden,i°) Moel ler and Brantley,(7) and of a Dutch group whose work has 
been s u m m a r i z e d by Hoogschagen and Gorter.(S) In mos t c a s e s , data on 
mola r extinction coefficients were not s ta ted d i rec t ly in the pape r s cited, 
so , when these appear in the tables of this r epo r t , they have genera l ly been 
calculated f rom readings made at the peaks of absorpt ion curve graphs p r e ­
sented in the s tudies quoted. 

The r a r e - e a r t h m a t e r i a l s used in the p r e s e n t study were al l ava i l ­
able as ox ides . These were individually dr ied , weighed, d issolved in 
s tandard ized pe rch lo r i c acid, and the resul t ing solutions diluted to known 
volume. The absorp t ion spec t r a were taken over the 220 to 1400-mi l l imicron 
wavelength range , using e i ther a Beckman DU quar tz p r i s m spect rophotom­
e t e r or i ts au tomat ica l ly record ing counte rpar t , the Beckman DK s p e c t r o ­
photometer , c^ilica ce l ls of one -cen t ime te r path length were used to contain 
both the t e s t solutions and the O.6M.HCIO4 used a s a compar i son s tandard . 
All data were taken at room t e m p e r a t u r e . 

A number of au thors have emphas ized the fact that the effective band 
width (extent of monochromat izat ion) of the light passed through the t e s t 
solutions is of pa r t i cu l a r impor tance in working with the r a r e e a r t h s because 
of the e x t r e m e sha rpnes s of mos t of the absorp t ion peaks . At a given wave­
length, with the type of i n s t r u m e n t s h e r e used, the effective band width is a 
function not only of the d i spe r s ive abi l i ty of the optical sys t em, but a l so of 
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the sl i t width used in selecting a portion of the emergen t light. F igure 1 
shows the typical change of this exper imenta l ly de termined sli t width with 
wavelength for the two spec t rophotometers employed. (The DU was used 
with the sensi t ivi ty knob left fixed at one full turn back from the counter ­
clockwise position. The DK sensi t ivi ty dial setting was 1.6.) 

0.1 -

5 

0.01 

CURVE lo: DU SPECTROPHOTOMETER, Hg LAMP, UV SENSITIVE PHOTOTUBE 

lb: DU SPECTROPHOTOMETER, W LAMP, UV SENSITIVE PHOTOTUBE 

Ic: DU SPECTROPHOTOMETER, W LAMP, RED SENSITIVE PHOTOTUBE 

CURVE 2a: DK SPECTROPHOTOMETER, Hg LAMP, PHOTOMULTIPLIER 

2b: DK SPECTROPHOTOMETER. W LAMP, PHOTOMULTIPLIER 

2c- DK SPECTROPHOTOMETER, W LAMP, RED SENSITIVE PHOTOTUBE 

200 400 600 800 1000 

WAVE LENGTH (MILLIMICRONS) 

FIGURE 1 
EXPERIMENTALLY DETERMINED SLIT WIDTHS 

1200 1400 

Table I l i s t s the sources of the r a r e - e a r t h ma te r i a l s used and p r e ­
sents data re la t ive to the i r pur i ty . The spec t ra of the individtial e lements 
in solution a r e d i scussed separa te ly below. 
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Table ] 

RARE-EARTH MATERIALS I'SEH FOR SPECTRA DETERMINATIONS 

Flement 

Terbium 

Dysprosium 

Holmium 

Frbium 

TTiulium 

Yt terbium 

Lutecium 

Compound* 

(Tb^O^) 

(Tb^O,) 

DyjOg 

(HOgOg) 

Fr^Oj 

(TnijOj) 

(YbjOj) 

(LU2O3) 

Source 

N a t l . Bur. of S tands . 
" N o . 5 0 " 

Rare E a r t h s , I nc . 
Q9.W t e r b i i m ox ide 

Anes, Iowa 

Pa re E a r t h s , I n c . 
99. Q1 holpiium ox ide 

Ames, Iowa 

Rare E a r t h s , I n c . 
99.OT thul ium o x i d e 

Fa i rn»un t Chemical Cb. 
9 9 . 9 ^ y t t e r b i u n ox ide 

Rare E a r t h s I n c . 
99% P i n . l u t ec ium ox ide 

P u r i t y * * 

Dy-Up to l"? "1 
Gd»Up to 0. iff V I h e i r 
y . Trace I Ana lys i s 

Y- 0.04<? 

Ho- 0.4% 
Y- 0,1% 

No R F d e t e c t e d 

yh- 0. 1% 
Tm- 0 .1% ( ? ) 

Yb- 0 .1% 
% - 0.03% ( ? ) 

Lu- 0 . ^ 
Tm- 0 . 3 ? 
Y- 0.2% 

Tm- 0.41, 
Yb- 0.7% 
Y- O.OS r̂. 
Non-RF c a t i o n s - 0 . 2 5 ^ 

* Parentheses indicate formulas assumed in weighing. 

** Unless noted, pur i ty values are on basis of spectrographic analyses 
run by J. P. Par is , of the Argonne National Lateratory staff, using 
the copper spark technique. 

Terbium 

An absorpt ion curve for tliis e lement was presen ted in the f i r s t of 
the e a r l i e r reports , (1) and a portion of this (over the ul t raviolet wavelength 
range) is reproduced a s pa r t of F igure 2 of this paper . This e a r l i e r de t e r ­
mination was made when only a very l imited quantity of t e rb ium oxide was 
avai lable , and this was known to contain some impur i t i e s , chiefly of dyspro ­
s ium. Therefore , when usable amounts of high puri ty oxide could be obtained, 
the en t i re absorpt ion spec t rum was rede te rmined and is also shown in 
Figure Z. The previously repor ted peaks at 255, 815-20 and 915 mi l l imi ­
crons can now be el iminated as having a r i s e n from the dyspros ium con-
tainination. In the e a r l i e r repor t , the smal l peaks at 351 and 358 mjii, were 
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MO FURTHER ABSORPTIQfj OuT TQ |4Q0 m/t 

JSJ 
200 250 300 300 350 400 450 500 

WAVE LENGTH (MILLIMICRONS) 

FIGURE 2 
ABSORPTION SPECTRUM OF TERBIUM PERCHLORATE SOLUTION 

also questioned, since they had not been repor ted in the exceptionally 
thorough s u m m a r y of Prandt l and Scheiner .w) However, they were again 
seen in the spec t rum of the ve ry pure oxide, and it is now believed that 
they a r e rea l and a r e a t t r ibutable to t e rb ium. 

It will be seen that the absorpt ion spec t ra in the ul t raviolet a r e 
quite different for the two samples of oxide. In the e a r l i e r work, a double 
peak was seen at 224 and 230 m/i (e = 12.6). With the second sample a very 
intense absorpt ion begins at about 230 m/i, and exainination of dilutions of 
both hydrochlor ic and perch lor ic acid solutions of the stock revea l s a single 
peak at 219 mjii ( e ^ 388). In o rde r to t ry to reso lve the contradict ion be ­
tween the two sets of data, the second terb ium sample was put through a 
var ie ty of chemical t r ea tmen t s to see if the l a rge absorpt ion peak could be 
made to d isappear . It did not change appreciably, so it was concluded that 
the data p resen ted ea r l i e r for the light absorpt ion of terbium in the wave­
length range below 300 mju a r e probably i nco r r ec t . (The l imited amount of 
m a t e r i a l available at the t ime necess i t a ted the use of mic rospec t ropho tom-
eter ce l l s , which in turn requ i red special coll imating s l i t s . Light intensi t ies 
were cut down and, as a resu l t , the requ i red slit widths were exceptionally 
l a r g e . This may have produced the e r r o r in the original curve . ) 

Table II s u m m a r i z e s the data re la t ive to the two curves shown in 
F igure 2. (The ea r l i e r f igures have been rounded off to make them m o r e 
rea l i s t i c in t e r m s of significant number s , and those peaks definitely a t t r i b ­
utable to Dy have been dropped. ) The smal l peaks at 522.5 and 572.8 m 
were not seen at a l l in the second run. 

k 
SAMPLE OPJ DK 

/i 
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Table II 

LIGHT ABSORPTION OF TERBIUM IONS IN SOLUTION 

P r e s e n t Work 
( F i g u r e 2 ) , 

P e r c h l o r a t e i n 
Weak Acid 

^max 
(m/x) 

219 

242 
258 ( S h , ) 
264 .0 
272 ( S h . ) 
284 .2 
303 

318 
341 .8 
351 
358 
369 
378 
4 8 7 , 5 

e 

388 

0 . 23 
0 . 4 9 
0 . 7 4 
0 . 38 
0 . 2 3 
0 . 0 9 

0 . 0 5 
0 . 11 
0. 30 
0 . 14 
0 . 36 
0 . 19 
0 . 0 3 

Ref. 1, 
P e r c h l o r a t e 

in 
Weak Acid 

k 
max 

(m/x) 

224 
230 
242.0 

318 
341 .0 
351 .0 
358 .0 
369.0 
378 
487 . S 
522 .5 
573 

€ 

12.5 
12 .7 

2 . 4 

0 . 0 5 
0 . 11 
0. 34 
0 . 14 
0 . 2 9 
0 . 18 
0 . 0 3 
0 . 0 2 
0 . 0 2 

Ref. 8, 
C h l o r i d e , 0 .412M 

^max 
(m/X) 

369 .4* 
3 7 7 . 3 
4 8 7 . 0 * 

e 

0 .25 
0 . 14 
smai 1 

Ref. 5, 
C h l o r i d e i n 

Weak Acid 

( m / i ) 

241 .8 

305 . 2 
3 1 1 . 1 
316 - 319 .6 
341 .8 

3 6 9 . 4 
375 .2 - 379 .7 
4 8 7 . 0 
522 .5 
S72 .8 

( S h . ) - Appears as a s h o u l d e r on a l a r g e r peak . 
• Wavelength a s s i g n m e n t s from P r a n d t l and S c h e i n e r . ^ ^ 

Dyspros ium 

The absorpt ion curve of the p lus - th ree dyspros ium ion in weak 
pe rch lo r ic acid solutions is shown in F igure 3 and the data pert inent to it 
a r e l is ted in Table III. It will be seen that much of the fine s t ruc tu re r e ­
ported by Prandt l and Scheiner(^) is not seen in the absorpt ion spect rum 
as taken with the Beckman in s t rumen t s . The quoted c (molar extinction 
coefficient) values for peaks below 320 mi l l imicrons a r e somewhat unce r ­
tain, perhaps to a factor of two. With r a r e - e a r t h solutions, a genera l a b ­
sorption through this whole range often occu r s , and it is difficult to apply 
any but a r b i t r a r y cor rec t ions to compensate for th i s . (This point will be 
d i scussed in more detail in the next r epor t of this se r i e s . ) In genera l , the 
e values for peaks above 300 mfx have been found to be ve ry reproducible . 
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1000 1100 1200 1300 1400 

FIGURE 3 

ABSORPTION SPECTRUM OF DYSPROSIUM PERCHLORATE SOLUTION 

•table H I 

LIGHT Ar.SORPTlON Of D-kSPROSIUM IONS IN SOI ITION 

P r e s e n t %>rfe 

( F i g u r e 3 ) , 

P e r c h l o r a t e 

i l l Weok A c i d 

inax 
(oft) 

e 

2 5 6 . 0 1 .16 

2 6 4 . 7 

2 7 4 . 3 

0 . 6 4 

0 . 7 3 

2 9 4 . 8 0 . 9 2 

297 

307 

<-o.i 

< 0 . 1 

3 2 5 . 1 ' 1 .80 

3 3 8 . 3 

3 5 0 . 5 

0 . 3 S 

2 . 5 7 

3 6 4 . 7 , 2 . 1 6 

. 3 7 9 . S 

3 8 7 . S 

! 397 

1 428 
1 4 5 3 

1 477 

7 5 7 . 5 

1 809 
1 911 

1102 

1300«« 

0 . 2 7 

0 . 8 9 

0 . 2 S 

0 . 1 1 

0 . 2 8 

0 . 1 1 

0 . 3 7 

1.87 

2 . 5 1 

1.5S 

1.0** 

Ref . 9, 

N i t r a t e 

o r 

C 3 i l o r i d e 

X 1 
max ^ 

"t 
1 

i 

1 

3 6 4 . 9 * ' 2 . 0 8 

3 8 0 . 3 0 . 2 6 

3 8 8 . 3 * ' 0 . 9 8 

3t>7.6» 

427.4« ' 

0 . 2 6 

0 . 1 2 

4 5 1 . 7 0 . 2 3 

4 7 4 . 0 0 . 1 0 

7 5 8 . 0 ! 0 . 3 7 

8 0 5 . 5 ^ 1.87 

9 0 9 . 0 

1 1 0 3 . S 

2 . 5 6 

1 .61 

Ref . 1 0 - 1 1 , 

Clsemical 

Form n o t 

^ e c i f i e d 

> max 

810 

TO8 

e 

i.gofM) 
2 . 3 3 < " ) 

Ref . 6 , 
N i t r a t e 

max 

365 

390 

808 

910 

e 

s m a l l 

s m a l l 

1 .32 

1.98 

Kef. 5 , 

Q i l o r i d e 

i n 

Weak Ac id 

irax 
(ta/J) 

2 5 8 . 7 

2 6 2 . 8 

2 7 4 . 3 

2 7 8 . 5 

2 9 1 . 2 

29fi.O 

2 9 8 . 7 

2 9 9 . 4 

» 2 . 2 

3 2 4 . 9 

3 3 8 . 2 

3 5 0 . 4 

3 5 8 . 2 

3 6 4 . 9 

3 7 9 . 6 

3 8 7 . 9 

3 8 8 . 3 

3 9 7 . S 

4 2 7 . 4 

4 5 1 . 7 

4 5 3 . 4 

Ref . 4 . 

Q l l o r i d e 

i n 

Weak A c i d 

maK 
( m a ) 

3 8 0 . 0 

3 8 7 . 3 

399 0 

4 2 7 . 5 

4 5 0 . 2 

4 5 3 . 4 

4 7 5 . 4 

4 7 7 . 8 

Ref . 13 . 

N e u t r a l 
C h l o r i d e 

m H ^ 

' t n a s 

909 

I M S 

Ref . 14 , 

B o r a x B e a d s 

(10 -50 ' ? RE) 

X 
mas 

1250 

•Wavelength assignments from Prandtl and Scheiner.^^^ 

**DK spectrophotometer data 
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The peak in the infrared at 1300 m^̂  has hi ther to been unreported, 
although it is possibly the same as the one seen by Gobrechtl-'-^) a t l 2 5 0 m / i 
when he examined the inf rared absorpt ion spec t ra of r a r e - e a r t h compounds 
fused in Borax beads . 

Holmium 

The holmium absorpt ion spec t rum in solution is shown in F igure 4 
and the re la ted data and l i t e r a tu re compar i sons a r e given in Table IV. 
Several h i ther to unrepor ted peaks were seen in the ul t raviolet (219.5, Z33.5, 
Z60, 271.5, 274.5 m/i ), but again there is some uncer ta inty a s to the exact 
values of the "c" figures quoted for that region. "With the par t icu la r 
holmium oxide sample used, the ul t raviolet background absorpt ion was 
higher in hydrochlor ic acid solution as compared to the same m a t e r i a l in 
perch lor ic acid solution. 

10 

3. 7 

3 -

NO ABSORPTION 
IN S70-830 REGION 

J ^ ^ 
700 850 950 

A^ 
200 250 300 350 400 450 500 500 600 

WAVE LENGTH (MILLIMICRONS) 

1050 1150 1250 

FIGURE 4 
ABSORPTION SPECTRUM OF HOLMIUM PERCHLORATE SOLUTION 



Table IV 

LIGHT ABSORPTH)^ OF HOLMIl'M JOMS IN SOLITION 

P r e s e n t Wo rk 
(F igu re 4 ) , 
P e r c h l o r a t e 
in Weak Acid 

max 
(m/x) = 

219.5 0.55 
233.5 i 0 .12 
238.7 
241.3 
2S0 
260 
271.5 
274.5 
278.3 

287.S 
289 
293.5 

0.2S 
3.28 
0 .45 
0. 12 
0 .13 
0. 18 
1.9S 

3.14 
1.20** 
0.45 

333.3 0.68 
345.5 O.SS 

1 

361.2 
386 
391 

41(5. 1 

2.00 
0.49 
0 . ?.<i** 

2.46 
* 

421.8 1 0 .81 

451 1 3.92 
i 

; 
468 ' 0 .73 
473.S i 0 .82 
480 1 0.47 

1 485.5 1 1.71 
j 

536.5 ' 4 .44 
543 1.72** 

641 

654 
893 

1160*** 
1190»»* 

2.83 

0 .95** 
0 .21 
0 .72 
O.SS 

Ref. 9. 
Ch lo r ide 

i n 
HjO 

max 
(m M) 

361.2* 
386.3* 

417.0* 

422.0* 

450 .3* 
450.9* 

e 

Ref. 10-11 

I 

max (. 
(m iJ.) 

! 

, 

1.73 
0.48 

3. IS 

0.87 

5.10 
5. 10 

1 
467.7* 0 .74 
473.4* 
479. 9* 

0 .82 
0.52 

1 

485.2* 1.76 
491.0* 1 0 .35 
536.8* , S.2S 

^ 

640.7* 

656.7* 

3.34 

1.28 
891.0 0 .13 

j 

Ref. 6, 
N i t r a t e 

max ^ 
fir u} 

1 

J 

" 
j 

^ 
1 

360 small 

390 

420 

452 

480 

! 
536 ' 2. 11 539 

6 4 3 1.89 643 

1 

small 

small 

1.94 

smai 1 

2. 11 

1.89 

900 1 small 
• 
I 

Ref. S, 
Ch lo r ide 

i n 
Weak Acid 

max 
(mjj.) 

238.0 
240.8 
249. R 

277.8 
278.3 
284.7 
287.0 

292.0 
295.6 
326.6 
333.2 
345.2 
347.2 
350.0 
361.2 
386.3 
389.6 

417.0 

422.0 

450.3 
4S0.9 

467.7 
473.4 
479.9 

485.2 
491.0 
536.8 
543.4 

640.7 

652.5 
658.2 

Ref. 4, 
Ch lo r ide 

i n 
Weak Acid 

max 
(mu) 

415.9 
417.4 
419.2 
422.0 
427.3 
4S0.S 
452.2 
454.9 
467.8 
473.5 
479.9 
483.1 
485.3 
491.0 
536. S 
543. S 
549.3 
640. S 
643.3 
653.0 
656.7 

Ref. 13, 
Neu t ra l 

Ch lo r ide 
in HjO 

\ 
' mstK 

(mu) 

893 

Ref. 14, 
1 0 . 5 0 ? R E 

i n 
Borax Bead 

max 
(m/x) 

1940 

•Wavelength ass ignments from P r a n d t l and S c h e i n e r . ^ ^ 

**Shouider. Seen c l e a r l y on ly in n'Ore c o n c e n t r a t e d s o l u t i o n s . 

***Observed on PK spec t rophotomete r on ly . D0 g ives s i n g l e peak a t 1165. 
All U V data below 300 m/i based on DK curve . 



The DU spect rophotometer has marked ly l ess abil i ty to resolve 
absorpt ion peaks in the infrared than does the DK. With the for iner , a 
single new peak was seen in the holmium spec t rum at ] 165 m^, but with 
the l a t t e r ins t rument , this peak was shown to have two maxima at about 
1160 and 1190 mfi. (In genera l , inf rared e values taken with the DK will 
a lso be higher than those taken with the DU.) 

In HCl solutions (and at slightly higher Ho concentrations) the r e ­
cording ins t rument (DK) c l ea r ly showed the smal l peaks at 238.7, Z71.5 
and 274.5 m/i, and the satel l i te peaks at 289 and 391 rr̂ ii were par t ia l ly 
resolved, r a the r than appear ing as shou lders . The la rge peak at 451 has 
two closely adjacent maxima, and the la rge peaks at 641, 536.5 and 416.1 
n ^ al l have evidence of shoulders appear ing on the redward side of the 
band. Some of this fine s t ruc tu re was mi s sed when the perch lora te solu­
tion was checked with the DU. 

E rbimm 

The light absorpt ion curve of plus three e rb ium ions in weak p e r ­
chlor ic acid solution is shown in F igure 5 and the data pert inent to it a r e 
given in Table V. No new, tonreported peaks were seen. 

200 250 300 350 400 450 500 550 600 700 800 900 

WAVE LENGTH (MILLIMICROMS) 

1000 1100 

FIGURE 5 
ABSORPTION SPECTRUM OF ERBIUM PERCHLORATE SOLUTION 
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Table V 

LIGHT ABSORPTION OF ERBIUM IONS IN SOLUTION 

P r e s e n t Work 
( F i g u r e S ) , 
P e r c h l o r a t e 

m 
Weak Acid 

(m/ i ) 

2 2 9 . 8 
2 3 6 . 1 
2 3 9 . 7 
2 4 3 . 1 
2 5 5 . 0 
2 5 9 

2 7 3 . 5 
2 7 4 . 5 
2 8 6 . 3 

2 9 3 

3 0 1 

3 1 6 

3 3 6 

3 5 6 . 0 

3 6 4 . 4 
3 7 9 . 3 
4 0 5 

4 4 2 . 0 
4 4 9 . 8 
4 5 3 . 5 

4 8 7 . 5 

4 9 1 . 5 

5 2 3 . 5 

5 4 2 

5 4 9 

6 5 4 

8 0 7 

9 8 0 

e 

1.94 
1.42 
1.45 
1 .73 
7 . 9 7 
0 . 6 7 
0 . 6 8 
0 . 6 8 
0 . 4 4 

0 . 3 8 

0 . 2 5 
0 . 2 1 
0 . 1 9 
0 . 8 9 

2 . 0 6 
6 . 6 6 
0 . 7 2 

0 . 4 9 
0 . 9 3 
0 . 4 3 

2 . 15 

1.01 

3 . 4 6 

0 . 7 6 
0 . 2 4 

2 . 1 2 

0 . 29 
1 .03 

Ref . 8 , 
C h l o r i d e 

max 
(mfJ.) 

4 0 5 . 4 » 

4 0 7 . 0 » 

4 4 2 . 2 * 
4 4 9 . 7 
4 5 3 . 4 * 

4 8 7 . 1 * 

4 9 1 . 5 * 

5 2 3 . 0 * 

S 4 1 . 3 * 
5 4 8 . S * 

6 5 2 . 5 * 
6 5 6 . 9 
8 0 1 . 5 
9 7 3 . 5 

fe 

0 . 6 1 

0 . 4 8 

0 . 3 9 
0 . 8 0 
0 . 3 9 

1 .91 

0 . 8 1 

2 . 9 0 

0 . 7 8 
0 . 26 

2. 10 
0 . S 6 
0 . 3 3 
0 . 8 7 

Ref . 7 , 
C h l o r i d e 

*max 
( m r t 

2 5 5 . 0 * 

3 5 5 . 9 * 

3 6 4 . S * 
3 7 9 . 4 
4 0 5 . 4 * 

4 5 3 . 4 * 

4 8 7 . 1 * 

5 2 3 . 0 * 

5 4 1 . 3 * 

6 5 2 . 5 * 

9 7 5 

€ 

5 . 7 

0 . 7 S 

1 .31 
4 . 0 * * 
0 . 4 5 

0 . 5 0 

1.26 

2 . 0 6 

0 . 5 

1.21 

1 . 0 

Ref. 6 , 
N a t r a t e 

(m,a) 

3 8 1 
4 1 0 

4 5 0 

4 8 9 

5 2 1 

6 5 3 

8 0 0 

9 7 6 

e 

1. 16 
s m a l l 

s m a l l 

0 . 81 

1.28 

1.28 

srpal i 
0 . 7 8 

Ref . 5 , 
C h l o r i d e 

i n 
Weak Ac id 

maK 
(mu) 

2 3 0 . 0 
2 3 5 . 9 

2 4 3 . 7 
2 5 5 . 0 
2 5 8 . 8 
2 7 3 . 3 
2 7 6 . 9 
2 8 5 . 8 
2 8 9 . 4 
2 9 2 . 8 
2 9 5 . 4 

3 1 6 . 2 
3 3 5 . 5 
3 5 5 . 9 
3 5 9 . 0 
3 6 4 . 0 
3 6 4 . 5 
3 7 9 . 4 
4 0 5 . 4 

4 0 7 . 0 

4 4 2 . 2 
4 4 9 . 7 
4 5 3 . 4 
4 5 5 . 3 

4 8 7 . 1 

4 9 1 . 5 

5 2 0 . 6 
5 2 3 . 0 

5 4 1 . 3 
5 4 8 . 8 

6 4 8 . 0 

6 5 2 . 5 
6 6 6 . 9 

Bef . 4 , 
C h l o r i d e 

i n 
Weak Ac id 

>-„a. 
(m/ i ) 

40 5 . 0 
4 0 6 . 0 
4 0 7 . 2 
4 1 0 . 4 
4 1 2 . 3 

4 4 7 . 9 
4 5 3 . 7 
4 5 5 . 5 
4 8 4 . 9 
4 8 7 . 1 

4 9 1 . 3 

5 2 0 . 8 
S 2 3 . 2 

5 3 9 . 6 
5 4 1 . 6 
5 4 9 . 0 
5 5 1 . 5 
6 4 9 . 0 

6 5 2 . 6 
6 6 6 . 9 

Ref . l O - U 

\ 
max 

(mfj.) 

522*** 

6 5 3 

9 7 S 

e 

3 . 13 

4 . 0 

3 . 1 

Ref . 13 , 
N e u t r a l 

C h l o r i d e 
i n HjO 

(m^l) 

9 7 4 . 2 

Ref . 14. 
10-50% RE 
i n B o r a x 

P e a r l 

X 
mas 

1260 

S e f . 15 , 
N i t r a t e 

% a x 
(m /J.) 

4 8 2 . 1 
4 8 4 . 5 
4 8 7 . 3 
4 9 2 . 5 
5 1 7 . 0 
5 1 9 . 3 
5 2 1 . 2 
5 2 2 . 8 
537 
5 3 9 . 5 
5 4 1 . 4 

6 3 9 . 8 
6 4 8 . 5 
6 5 2 . 5 

*Waveiength assignments from Prandtl and Scheioer.^^^ 

**Quoted value for perchloric acid solution. Other values calculated from their chloride curve. 

«'9'*Ref. (11). Correction of value given earlier in Kef. (10). 
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Moeller and BrantleyC^) pointed out that they had no independent 
means of checking the i r e rb ium sal t for puri ty, which may acco-unt for the 
fact that thei r calculated e values appear to run about a th i rd lower than 
the values given in the p resen t study. The figures calculated from the 
curves of Hoogschagen and Gorter(8) and the single value at 522 mji recom­
mended by Spedding and his a s soc i a t e s ( l 1) a r e a lso slightly lower, but 
much be t te r ag reemen t with those of the p resen t author . 

m 

With the DU spec t rophotometer , the peak at 405 m/i seemed to have 
only one miaxima. The DK t rac ing , however, showed this to be a double 
peak. 

Thulium 

The absorpt ion curve of tliulium perch lora te is given in F igure 6 
and the re la ted data and l i t e r a tu re compar i sons a r e shown in Table VI. 
The peaks in the i i l traviolet (262.0, 273.5 and 284.3 m/i) have not been 
previously repor ted , nor has the one seen with the DU ins t rument at 1215 m/i. 
The DK spect rophotometer reso lved this l a t t e r band into a double peak 
having maxima at 1185 and 1223 m/i. 

200 250 300 350 400 450 500 600 700 
WAVE LENGTH (MILLIMICRONS) 

800 900 1000 1100 1200 1300 

FIGURE 6 
ABSORPTION SPECTRUM OF THULIUM PERCHLORATE SOLUTION 
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Table VI 

LIGHT ABSORPTION OF THULIUM IONS IN SOLUTION 

Presen t Work 
(F igure 6 ) . 
P e r c h l o r a t e 
in Weak Acid 

(m/i) 

262.0 

273. S 

284.3 

356.5 

360.0 

464.2 

659 

682.5 

781 

IMS** 

laaa** 

e 

0.9S 

0.26 

0.29 

0.75 

0.79 

0.46 

0.26 

2.34 

1.01 

0.46 

0.88 

Ref. 9, 
Chloride 

in H ^ 

(m/i) 

~357 

464.2* 

6S8. 3* 

68 2. S* 

699.0* 

778.0 

e 

1.84 

0,35 

0.17 

2.16 

0.70 

0 .93 

Ref. 7, 
Chlor ide 

(m/i) 

~3S7 

~360 

464. 2" 

658. a-* 

682. S 

~ 7 8 1 

e 

0.89 

1.03 

0.56 

0.25 

2.58 

1.10 

Ref. 6. 
N i t r a t e 

(m/i) 

360 

470 

480 

684 

780 

e 

small 

small 

small 

1.71 

0,96 

Ref, 10, 
Form not 
Speci f ied 

max 
(m/i) 

684 

6 

2.24 

Ref. S, 
Oi lo r ide 

i n 
Weak Acid 

^max 
(m/i) 

464.2 

6S8.3 

682.5 

699.0 

Ref. 4, 
Chloride 

in 
Weak Acid 

(m/i) 

464.3 

658.8 

683. S 

699.9 

Ref. 13, 
Neutral 
Chloride 
in up 

^max 
(m/i) 

No abs. in 
820-1160 m/i 
range 

• Wavelength ass ignments from P r a n d t l and Seheiner . ' - ' 

**Seen as double peak wi th DK spec t ropho tome te r . DU shows s i n g l e peak a t 1215 m/i . 
Peaks below 300 m/i taken from DK curve . 

Ytterbium 

As seen in F igure 7 and Table VII, the absorpt ion spec t rum of 
y t te rb ium in solution i s a re la t ively s imple one. Agreement with the pub­
l ished data of other authors using comparable ins t ruments is quite good. 
The p resen t work did not demons t ra te a separa te peak at 950 m/i, but the 
e value at that shoulder is quoted because i t may be of some value in 
analyzing for y t terbium in the p re sence of e rb ium, since an absorpt ion 
peak of the l a t t e r d i rec t ly in t e r f e re s with the main Yb band a t 978 m/i, 
but i s only a minor in ter ference a t 950 m/i. 

Lutecium 

It would be predic ted f rom theory that the lutecium spec t rum would 
not exhibit the sha rp light absorpt ion peaks cha rac t e r i s t i c of mos t of the 
other r a r e ea r th s in solution. These l a t t e r a r e believed to be due to e lec t ron 



2 -

I _ 

14 

200 250 300 ' 900 950 1000 

WAVE LENGTH (MILLIMICRONS) 
1050 1100 1150 

FIGURE 7 

ABSORPTION SPECTRUM OF YTTERBIUM PERCHLORATE SOLUTION 

Table VII 

LIGHT ABSORPTION OF YTTERBIUM IONS IN SOLUTION 

P r e s e n t 
Work 

( F i g u r e 7) 

( m / i . ) 

950* 

978 

e 

0 . 72 

2 . 0 0 

Ref. 12, 
C h l o r i d e o r 

N i t r a t e 

^max 
(mix) 

9 3 7 . 0 * 

9 4 5 . 5 

973 .S 

e 

0 . 7 0 

0 . 7 8 

2. 10 

Ref. 7, 
C h l o r i d e 

max 
(m/x) 

~ 9 5 0 * 

9 7 5 . 0 

e 

0 . 7 9 

1.96 

Ref. 6, 
N i t r a t e 

(m/x) 

9 7 3 . 0 

e 

2 . 3 4 

Kef. 10, 
N i t r a t e 

(m/x) 

973 .0 

€ 

1.80 

• A p p e a r s as s h o u l d e r on l a r g e r peak . 
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t rans i t ions within the shielded 4f shel l , and, in the case of luteciuin, this 
should be complete ly filled, leaving no possibi l i ty for such in t rashe l l 
changes . This was confirmed by the spec t rum of the one lu tec ium s a m ­
ple examined, where only a genera l i zed absorpt ion was seen in the u l t r a ­
violet port ion of the cu rve . Even this should not be taken ve ry se r ious ly , 
inasmuch a s exper ience has amply demons t ra ted that such absorpt ion is 
often not reproducible f rom one sample to another , and may depend p r i ­
m a r i l y on the na ture and level of t r a c e impur i t i e s p r e sen t . 
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