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DISCLAIMER

This document was prepared as an account of work sponsored by the United States
'Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for-the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
Uhiversity of California. '
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THE ABSORPTION SPECTRUM OF Cf'S

N * ‘
J. L. Green and B. B. Cunningham -

Department of Chemistry, and Lawrence Radiation Laboratory
University of California

" Berkeley, California

Absérption spectré have proven to be of great value in chemical
studiés of the Sf.elements and represent a logical early objective in 
the systematic investigation of thé'chemistry of thé higher actinides.

VWe'report here obsérvations of‘the absorptién spectrum of Cf+3
in a singlé‘crystal of anhydrous CfCl3 and in a polystyrene-sulfonic

acid matrix (Dowex 50); " The work was done with submicrograquuahtities

ordh9,

f 98 ; the techﬁiques developed would appear to be applicable to

other‘actinidé eiements of limited availability and.are describedvbrief—z
.ly. “

The utilization of a single bead of cation ion exchange resin as
an ultramicro absorption cell has been reported previously;(z) This tech-
nigue consists of'saturating'an appropriate bead of Dowéx 50 ion ex-

change resin with the cation of interest and'visuallyibbserving the trans-

- mitted spectrum using a:hand spectroscope and microscope'optics. Experi-

ments of this type performed with Cf*3 were encouraging enough to prompt

‘the development of a technique in which multibead stacks were used to in-

crease the effective path length of the cell. The configuration of the

cell used is shown in Fig. 1. To obtain permanent records the apparatus

Present address: ' Los Alamos Sc1ent1f1c Laboratory, Unlver81ty of

‘Callfoznla, Los Alamos, New Mexico




Quartz light pipe

Quartz capillary tubing
0,08 mm minimum i.d.
3.5mm long -

Section of 27 -gauge
hypodermic tubing

Dural disk

s
| 74\

Dowex 50x 4 ion—exchange’ Cover slip
beads = 0.09 mm diam

%200 ng Ct*> per bead vs
" ' Cf concentration n206 M = 9-0?_5‘M lel _
Light path =~ 0.27 mmper 3 beads tnh i-cm ce

MUB-5634

FIG. 1 Stacked bead microabsorption cell.

shown in Fig. 2 was used to photograph the spectra. Poloroid Type

. 3000 film was used .in the visible region and Type 47 in the infrared

regiqn. The wavelength scale in the hand spectroscope (Atago hand spectro-

scope, Type D) was calibrated on each éxposure by simultaneously photo-
graphing a Hg arc spectruﬁ adjacenf tb‘the absorption spectrum and the
Superimposéd image of fhe scale. dbéérved Spectral.features are listed
_in Table I.. Parallel experiments on Pr+3 indicaféd thatlline positions
found using thié-technique were not’noticeably sﬁifted from those observed
in solution. Fﬁrther,vthe relaﬁive‘intensities of the absorption lines,
as judged by visual;inspection of the photographic films wefevthe same
as thése found iﬁjsolﬁtion. Less precise combarisons usinngd+3 and Pu+3
again indicated that there‘were no pronouhced differences in relative in-
~tensitles or line positibné between the aqueous and.bead Spectr;; acéofd—
.ingly we have estimated molar‘extinction coefficients for aqueous Cff3‘
by comparisoh of photograplsof the spectra of Cf+3 and Pr+3 in'catibn'ék~.

change resin. The éstiméted*coefficients may,bevin'error by a factor of

two. -

a—




Polafold camera
{film: Type 47-3000)

Atago direct -vision hand
spectroscope Type D-
No. 2070

™ Hg arc Scole itlumination
reference spectrum Scale-jllumination prism
Compound microscope
Ocular =10 X
~ Objective =10 X
MMicroabsorpfion cell
: 2-mm (oil immersion)
Water-cooled ’a@__’_condensing lens
infrared filter Water i )
_ 22\
I-| *———100-W Zr arc lomp
source diameter &1 mm
. KU!~§835
FIG. 2 Apparatus for photographing spectra through a hand spectro-
©  scope. .
In‘preparing samples of CfCl3 for cryétallographic studies, one
" sample accidentally was converted to a single crystal of CfCl3 which con-
tained'approximately 150 ng of Cf. The sample was a clear, emerald green,
foughly spherical particle ap?roximately 35 microns in diameter, contained
" in a thin quartz x-ray capillary.
" A major obétaclejtb obtaining thevspecﬁrum was . the construction of
a suitable light mask. Thé éystem devéloped for this purpose is shown in
Fig. 3; it:cénsisted of a'pair of razor blades positioned in such a way
as to.constitute avcombinatibn positioning trbugh and a cne-dimensional
’_. . . . . . ) . } Lo .
b - 'slit mask with a separation slightly less than 35 microns. Additional
‘*¢>:‘:  : masking was achieved by the application of an opague graphite-grease mix-

ture along the length of the capillafy. The genefal configuration of the
-apparatus . used for recording the speétrum is shown in Fig. L. The spectro--
graph,was a 3 meter, 6.3, Model 75-000 Jarrel Ash fitted with a 15,000..-.

line per inch grating blazed for 7500 A. It was possible to cover the’

.



TABLE I : S oy

Absorption Spectrum of Cf+3 Absorbed on Cation Exchange Resin.

Peak Extent : Qualitative Descriptidn Estimated
Position ' : :

() () o . - e -
L73 £ 2 469 - 75 . strong _ 5 -10
Lo1 £ 2 489 - 493 weak and relatively sharp ' 1-2
591 * 2

}* » - 2 -k
595 + 2 590 - 618  moderately strong , '
605 + 2 2 -4
620 £ 3 - very weak (uncertain) --
645 £ 3 . 638 - 650 | i} | 1-2
675 £ 3 -.'}670_-680' . : 2 -k
no structure 720 - 760 : ' : 5 - 10

* ’ :
Visual observation indicated two lines; however, photographically,
often only one moderately strong line at 593 my was apparent.

Quartz capillary

CfCly crystal

Graphite-grease
mixture

" Razor blades

Illumination

MU.36966

- FIG. 3. F/Iicroabsorption cell for CfCl, crystal.
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A2

wavelength region from approximately 4000 A to 10,000 A. Multiple

exposures of the absorption speétra with adjacent Hg arc reference spec¥

tra were taken‘using élass spectrographic plateé of a type“qppropriate;
to the-wéveleﬁgfh regioﬁ'éoyefed. The wa&elengths cofresponding to

peak maxina were compufed:ffom meaSufements taken from densitometer trac-
ings of the absorption and reference‘spectra.‘ No attempt was made to
separate'inéompletely résolvéd componehfé. The‘spectral features are
sﬁmmarizéd ianable II.‘ Relative intensities of the abso;ption lines

were estimated visually.’

" Slit-shutter system

of spectrograph .
grop Front-surface

{] > mirror

\.

Crystalline-quartz lens —

Microscope body
without ocular [

. Microobsér'tion cell
10x objective lens~—»—ﬁ;/ P

/Z-mm (oil-immersion)
condensing lens
Water-cooled s

infrared filter 7 — Water
] Microscope
| substage lamp
MU.36967

FIG. 4. Apparatus used tJ record absorption spectra
on a grating spectrograph.
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TABLE II

Absorption specﬁrum of a single crystal of anhydrous
CfCl, photographed using a grating spectrograph.

3 Phote | o

Peak ‘Error Description - Rélative intensity o
position limits of components of band

(A) (4) ' -

4304 5 majbr peak

4383 5 small shoulder moderate-broad

4505 5 small shoulder |
4579 5 small shoulder

4828 5 major peak | strong-moderatley broad

5005 5 major peak f - weak-sharp

5837a ’ 5 trace. trace-very sharp

6ih8 , o 5 major peak |

6237 10 B " minor shoulder moderate-broad

6295 10 medium shoulder

6678 - 5 large shoulder " weak-broad

6872 5 major peak

7539 5 major peak ‘strong-moderately broad

7764 5 major peak | -strong-broad

80&3a 5 . . trace trace-very sharp

85h6b : .5 mejor péag

873&? o 10 minor shoulder weak-broad

8907b | ld minor.shoulder |

aLines ascribed to Nd impurity. Mass analysis showed that the
sample contained 0.32 atom per cent Nd. ‘

b - . ‘ : ,
Only one useful exposure available; therefore; the measurement of
peak positions was not done in duplicate.

Rajnak (3,1); however, szince the spectrawre recorded at room temperature,
W2 b b i i 3

the individual crystal field components of the J levels were not resolved,

¢ ™




leading to uncertainty in the assignment of J Qalues. It is hoped that
this difficulty can be overéome by refining the technique to allow the
spectrum to be taken at low temperatures.

Acknowledgment: This work was performed under ‘the auspices of

the United States Atomic Energy Commission.
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