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TIm ABSOI,P'I'ION SPECTRUM OF Es3+ IN ILYDROCm~ORIC ACID SOLUTIONS 

·x· 
B. B~ CU.>1,ningham, J. R. Peterson, R. D. Baybarz , and T. C.Parsons 

Department of Chemistry and Law-.cence Radiation Laboratory 
University of California, Berkeley, California 

\rle report here the first observations of the absorption spectrum of 
~+ ' 

Es) ·in 3-6 M ReI in the wavelength region 3200-6500 A. 

Material 

The einsteinium used for the first observations of the Es3+ spectrum 

,on January 24, 1966, consisted of ~500 ng of Es253, which had been purified 

, on January 17-24, 1966, by a series of standard cation ion exchange separa-

tions: an a-hydroxyisobutyrate colunm, a 2 M RCI clean-up colunm, a sat,urated 

alcoholic l-ICI colunm, and a final 2 M RCI clean-up colunm. 

Confinaatory experiments recently became possible, as a result of the 

availabili ty of "'2.8 I-Lg of Es, having the approximate isotopic composition': 

97.5% Es253 and 2.5% Es254. 

This sample was isolated and chemically purified at Oak Ridge National 

Laboratory by a LiCl col~, two high-pressure a-hydroxyi~obutyrate colUF~~s, 

and three clean-up colunms; 

Spectra 

All spectra reported here were run in 3-6 M HCl solution; solid. 

. ::r.at(;ria:i. ';lIas present along .... ri th the einsteinium when the first spectra were 

tc:..Y..en, Gut VIas absent in the confirmatory runs~ Spectra were taken at Es 

./,. 

C}-,(;~!iicc.l 'J.'echnology Division, Oak lUde;e National Laboratory, Oal\. Ridge, 

'1\; nne :~:3CE:. 
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.. ~ .. UCRL-17692 
concentration;::: varyinc; fl.'om about O. OJ M to about 2 M, and in solution volumes 

r;nc;ine fl'0111 about 60 nanoliters down to u"bout one nanoliter. In th(; j-'(;cent 

confil'nw.tory experiments, two sets of spectra ',Tere taken: a) using about one 

third of the material as prepared at Oak Ridge National Laboratory aJld b) using 

about half of the material within two hours of repurification by cation 

exchange ·vrith CX':'hydroxyisobutyric acid as eluting agent, folloved by a 2 fIl HCl . 

clean-up colunm. 

In 'general, peal~ positions on the charts were marked and read inde-

~ pendently by three different observers, and the results averaged. 

Absorption Cell 

The micro-absorption cell. (1) eID1?loyed in th1's work was' developed 

especially for use with the Cary Model-14 Recording Spectrophotometer, on 

extremely' limited quantities of the heavier actinide elements. 

Its general construction is indicated in Fig. la-lb below: 

t Light to photocell 

Light catcher pipe 

Light entrance pipe 
0.07mm diam 

t Monochromatized 
light in 

Section A 

(0) 

Fig. la-lb 

t To phototube 

I;===r-Zeiss Achromat 
UV-Kond 0.8 
condenser 

Monochromotized light 
from Cory source 

(b) 

JCBl677·3508 

Microabsorption Cell 

.,: . 
, '. , 
i 
f· 
\ 

, !i 

~. 
;, 

" ;: 
:1 

,', , 

.' 
\ 

'i 

,: 
" 

i 
I 
t· 
i, 
t 

I, 

I 
I 

:~ 

I 



_ ... - -~ . --- ~-~--.-~- _ .. -' ~- ~--""I 

';-. i 

-3- UCRL-17692 
Inl;e:.:t l'W1~ p:riuI' to the c::in..; t;cJ.niu:m (;xpcriln.:;nt::.;, c;·:cc;ll'.;rL:. :;~~'.;(;' ... r4 

.,+ 
of NdJ w,~r0 obtained in the wavelenat:'1 rCGl.cn from 2'{OO-15,OOO A; P(;::...!:~ 

havinc lnolur ~tb;:;orp1;ivitie:.:, >0.1 w~rl! l'ead.Lly d.~tcct(:d.. " 

~'110 micl'ocell dcsi[,'!l used by us pos::;c:::scs import:lnt tcc!'mic:ll o.d.vcn-

over the capillary cells usually employed with limited amounts o~ ~aterial; , 

the very hiCh concentrations of the absorbina species of interest l:"l::':r"imizc~ 
, '. 

the in1l)ortuncc of backgroW1d absorption by other species added. to r,~i".tuin 

acidity, etc., while the large free surf~ce-to-volume ratio of the zu~~~ 

droolet of' solution o.llo"IS rapid diffusion of radiolytically-gencrate(l. gases . . 

and p!'cvents supersaturation and bubbling. Water loss by evapor.::.:.ticn a.v:.d 

ro.d.iolysis may be readily replenished by plllilping. 

'I'he chief problem associa.ted with the use of the cell is the:: necessity 

for prccirie optical alignment. This "Tas solved by providing externally a.cces-

sible scre", controls for adjusting the cell carriage after insertion into the 

spectrophotometer cell compartment. 

Procedure 

Einsteinium in about 1 J.ll of 6 M HCl was dra.wn into a clean Q.uartz 

capillary pipet (held in a micromanipulator), expelled to for.m a droplet on 

the: ou.:'sidc of the pipet tip, allowed to evaporate to a volume of about 0.06 ill 

:.'Wlcl trWl:::l';~rred to the ga.p betw0cn the entr:.mcc liGht pipe a.ad co.tC:l-::r 

7!K c,·::a -1'10.::; then closed, sculed with "Apiczon Q" and the s(~alcd. c01J. o.ttuchcd 

'Vo a 'nuldc:r "/hich \ortis inserted into the light-condensing a.'1d collectinG .:;ystc.m. 

At the "beginning and end of' each £pcctral S\-TCCP the dJ.~op d.iU:l~e:'c:r' \'!US 

" mon::'to:t'CQ ',lith a microscope fitted with an ocula.r micrometer. Drop dia:-;12tcrs 

'fi'~:t'(; r:;~.;.;::"l.J iflu,intaineu in the UV and visible: reGion:; of the spectr''':;::l, bt:t tl1e 
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In this preliminary paper .. te rcpo:ct only the .most obviouz fct::.ture:-; of 

the spectrum, seen in all three ::;amples examined, and reproduced. at least six 

times. These peaks are listed. in Table 1. 

TABLE 1 

Absorpti~:m Peaks oi Es3+ in 3-6 M HCl Solution 

Pe'ak ,Position (A) 

3625±25 

3760±30 

4230±30 

4960±30 

5296±20 

5625±30 

6050±50 

Remarks 

prominent 

most prominent 

prominent 

very broad, \-Teak 

Molar absorptivities of these peaks are small, of the order of five or less 

Peaks at wavelengths below about 4500 A appeared as shoulders above a general 

absorption which increased strongly with decreasing wavelength. This bad:-

sround absorption may be due to such,radiolytic decomposition products as 

C1
2

, H
2

0
2

, etc. 

In Fig. 2 we present a comparison between the, observed 10\1-lying energy 

10 3+' levels of the 5f (Es ) configuration and, those calculated (a) by Fields, 

\ttybourne and Carnall (2), using hydrogenic wave functions and a value of the 

Slater radial ~ntegral F2 and the spin-orbit coupling constant,s' extrapolated 

fro::. clata on the lighter actinides, and (b) by' Conway (3L using some\~hat dif-

£'C1"i2n1:; values for F 2 a.'1.d t, and including the effect of configuration intcr-

action. TI1e root mean squares of the deviations between the observed and the 

88 -1 4 6 :1 ,rLearcst calculated levels are 0 em and 1 em for the results by Fields 

et 8.1. anel Commy, respectively. Clearly the calculations by Conway are in, 

Det"ce:I' azrecmontVlith the experimental data presented here. 

.~ 

" I 



-5- UCRL-17692 

3+ , 
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Fig. 2 

Observed and Calculated Levels of Es3+ 
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