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CRYSTAL1.CGRAPHY OF THE COMPOUNDS OF CALIFORNIUM. 1. CRYSTAL STRUCTURE. * 
AND h~TTICE Pfu~~~T~~S OF CALIFORNIUM SESQUIOXIDE AND CALIFO&~IUM TRICHLORIDE 

J. L. Green
t 

and B. B. Cunningham 

Department of Chemistry and Lawrence Radiation Laboratory· 

University of California, Berkeley, California 

Introduction 

The '<fOrk reported below is part of a continuing program of investigation 

of the crystallographic prope:rties of compounds of the 5f transition elements 

a..."1.d constitutes the first such studies on californium. 
-' 

Experimental 

A. Materials 

The ~ 360 day alpha-emitting isotope of californium of mass 249 was 

used. It was purified.on a microgram·scale. by. standard ion exchange 

methods (1,2,3,4) using specially purified reagents and ion exchange 

materials (5). 

The purified californium was absorbed to saturation on single beads of 

Dowex 50 AD x4 resin in 0.2 and 0.5 Ilgmquailtities. 

Tests to determine the purity of the californium included pulse analysis 

for PU, A:"n and em, and mass a:halysis for Nd (as an indication of rare earth 

contamination). Actinides were not detected at limits of about· one atom 

percent. 

* Tne work :reported was done in partial satisfaction of the requirements for 
the Ph. D .. degree in Chemistry, University of California, Berkeley· 

t CMB-ll, Los Ala'nos Scientific Laboratory, Los Alamos, New Mexico 87544 

" 
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Mass analysis revealed the presence of 0.32 atom percent of neodym~um. 

Although it was not possible to analyze the californium for all possible 

impurities) signific~~t contamination seems unlikely on the basis of the 

purification procedures used and its inconsistency with the crystallographic 

data. 

B. Procedure 

The ion exchange beads containing californium were ignited at'" 1200° C to 

produce the oxide,. which was then transferred to quartz x-ray capillary tubes. 

This technique for preparing x-ray samples ,has been described in previous 

publications (6,7). 

Oxide contained in the capillaries was treated at 600° C with dry hydro,gen 

gas at one-half atomosphere pressure and then cooled in hydrogen. The result-

'ing material was pale yellow in color. Conversion of the oxide to trichloride 

was accomplished by treating the oxide in situ with anhydrous RCI at 520° C 
. . 

for three ten- minute periods interrupted by cooling, evacuation and admission· 

of fresh RCI. 

In one preparation the furnace temperature rose to 600°, melting the 

sample. Examination of the cooled product by optical microscopy indicated 

the formation of a single crystal. Visually, this sample was transparent, 

wi th a clear emerald-·green color. 

Subsequent preparations at 520° yielded polycrystal+inespecimens which 

produced satisfactory powder diagrams. 

Powder patterns were obtained with a Model 80-000 Jarrell-Ash Microfocus· 

. 
x-:-ray source and Phillips-Norelco powder cameras of 57.3 mm d.iameter~' Exposure 

~imes were 15-20 hours. 

Diffraction lines on each film were read independently. by two observers 

~~d the G values averaged. The patterns were then indexed by comp~ison 

with data available',on isostructural compounds and through the use of sin
2 ~ 

data and intensity calculations performed according to the POWD computer. 
\ 

program developed by D. K. Smith (8). 

'.' 
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The lattice parameters were computed by least squares fitting of the 

sin
2 e data using the LCR-2 program developedb¥ D. E. Williams (9). 

Results 

A. Californium sesquioxide 

Diffraction data were obtained from three separate Cf20
3 

preparations. 

A portion of those derived from one sample are given in Table 1. Reference (5) 

gives data to sin2 e = 0.9281. 

hkl 

III 

401 

.402 

003 

310 

112 

600 

511 -313 

313 

020 

801 

712 

404 

TABLE 1 

Partial Line List and Indexing for Monoclinic Californium Sesquioxide 
Film 2363A 

2 . 
sin e Intensity 

Calculated a Observed b Calculated Observed 

0.0588 0.0589 8.0 10· 

0.0642 0.0641 8.5 9 
0.0668 . 0.0665 9.1 9 

0.0712 . 0.0711 6.4 8 

0.0738 0.0736 10..0 9 

0.0773 . 0.0773 9.5 10 

0.1108 0.1106 1.2 4 

0.1221 0..1221 1!9 5 
0..1291 0..1287 4.3 7.5 
0..1609 0..1609 5.4 7·5 

0.1843 0..1836 2.8 6 

0.1907 0.1908 1.6 4.5 

oO.2038 } 0.2037 . 3.5} 6.5 
0.2041 1.1 

c 

aCalculated using a = 14.124 A; b = 3.591 A; c = 8.809 A; (3 = 100.31 degrees 
with >..(a) = 1.54178 A. 

bCalculated using the POWD intensity program assuming t~e atomic coordinates 
of Sm2 0

i
• The calculation was scaled such that the most intense line had 

an int.ensity of 10.0. ° 0 

° CEstimated visually on a .scaleo from 10 to 1. 

Lattice para11leters calculiited for all three preparations. are given in 

Table 2 below. 
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TABLE 2 

Californium Sesquioxide Lattice Parameters-Monoclinic Sm20
3 

Structure 

Film 2aa a 
b 2ab a 2ac 

a 
f3 2af3 a a c 

nurhber (A) (A) (A) (A) (A) (A) (deg.) (deg.) 
.'.'," 

2338A 14.132 0.011 3·592 0.002 8.811 0.007 100.31 0.07 

2363A 14.122 0.008 3·591 0.002 8.807 0.006 100·32 0.06 

2382A 14.116 0.008 3·590 0.001 8.808 0.005 100·31 0.05 

b 14.124 ± 0.020 3·591 ± 0.003 8.809 ± 0.013 100.31 ± 0.02 average 

~stimated standard deviation for the irldividual preparations as computed from least squares fits 
using the LCR-2 lattice parameter program. 

bThe error llinits placed on the average values were computed using 

95% confidence enor lllnit = ~~L. d1
2 

." ~N ~1' 

" 
vlhere diis the deviation of the individual lattice parameters from the average; N is the 
number of observations, Le., 3;'and the factor 4.30 is the 95% confidence Student t value for 
3 observations. 

~ .• ~~~'"'~""'~~~-~~--~~----- ---:~-------- . ...:.~-.----'-----"'--"'---- - .. ~------
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B. Californium trichloride 

Diffraction data "Tere recorded from two californium trichloride samples. 

Least squares lattice parameters were a = 7.390 A, c = 4.095 A, 

a = 7.396 A, c = 4.085 A for the two samples, respectively. Applying the 

appropriate t value for hlO observations gives ±0.04 A and ±0.06 A for the 

95% confidence interval for the average values of the a andc parameters, 

respectively. 

Table 3 presents a comparison between observed and calculated sin2 e 

and intensity values for one sample, using the hlO- sample average for a 

and c. Higher angle data up to sin2 e = 0.9684 are given in reference (5). 

TABLE 3 

. Partial Line List and Indexing for Hexagonal Californium Trichloride 
. Film 2430A . 

. 2 e Intensity S1.n 

hkl Calculated a Observed b Calculated Observed 

101 0.0500 0.0501 10.0 10 

200 0.0580 0.0580 2.4 7 

111 0.0790 0.0788 1.0 4.5 

201 0.0935 0.0932 9.2 10 

210 0.1015 0.1010 1.5 5 

300 0.1305 0.1302 3.6 8.5 

121' 0.1370 0.1373 7.7 ! 10 

002 0.1421 0.1425 1.5 5 

102 0.1566 0.1575 1.0 5 
220 0.1740 0.1736 1.4 ,5.5 
112 0.1856 0.1860 2.1 8 

202 0.2001 0.2001 . 0.8 4.5 

131 0.2240 . 0.2236 2.4 8 

400 0.2320 0.2306 0.4 3 
212 0.2436 0.2435. 0.8 4.5 

aCa1cu1ated using a:;: 7-393 A and b:;: 4.090 A with t.. = 1.54178 A. 

bCa1culated using the POWD intensity program aS3~~ing the atomic 
c~ordinates ~f UC1'3~' The calculation was scaled such that the strongest 
l1.ne had an lntensfty of 10~j). ., . . -~---

- -~- -~-C~~;~~t~d visually -~n a scal~ from 10 to 1. - . . 

c 

I 
I 
I 
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Californiwn sesq,uioxide as prepared by the method described in this 

paper exhibits the monoclinic, B-type rare earth" sesquioxide structure observed 

in high-temperature preparations of the sesquioxides of samarium. and 

europium (10). We have calculated the ionic radius of Cf3+ to be 0.976 A 

from our data on CfC1
3

, using the method of Zachariasen (11), who gives 

0.97 A for the radius of Sm3+. If the cation radius goverris polymorphism in 

the sesq,uioxides of the 4f and 5f transition elements, then the occurrence of 

a high-temperature B-type sesquioxide in the californium is to be expected. 

(Since the work described above was completed, cubic Cf20
3 

has been observed 

as a product of the hydrolysis of CfOCl at 600-7000 (12), thus extending the 

crystalloe;raphic analogy between Cf20
3 

and sm20
3
.) 

We wish .to point out, however, that the exact stoichiometry of our 

californiwn sesquioxide is not known. 

Further, vTe would like to emphasize that the concept of ionic radius 

should be used with considerable caution, particularly as applied to compounds 

of different structure type. Even 'in compounds of the same structure type, 

internal consistency may be lacking. This i$ shown in Fig. 1 where we have 

plotted nearest-neighbor cation-chloride distances for the UC1
3
-type struc-. 

ture compounds of the actinides. 

- 3.2 
"XBL' 675-3094---- -, ~- ---

oc:::r - 3.1 Actinide, apical 

(1) 
(,) 

c: 3.0 0 -(/') 

-0 
2.9 Actinide equatorial 

"0 , 
c: 
0 

en 2.8 
Ac Th Pa u Np Pu Am Cm Bk Cf 

..:.., 

FIG. 1 
M-Cl bond distances in'the UC1

3
-type actinide trichlorides. 
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Frem neptuniwn enward, the "actinide centractienlf is cenfined almest 

exclusively to' the bends between the catien and the nearest-neighber apical 

chlerides; metal-equaterial chleride distances are virtually censtant, but 

shew an actual increase between curiwn and califerniwn. 

The lanthanide trichlerides exhibiting the UC1
3
-type structure shew a 

similar anisetrepic "lanthanide centractien." 
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