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CRYSTALLOGRAPHY OF THE COMPOUNDS OF CALIFORNIUM. I. CRYSTAL STRUCTURE .
AND LATTICE PARAMETERS OF CALIFORNIUM SESQUIOKIDE AND CALIFORNIUM TRICHLORIDE

J. L. Greehfvand B. B. Cunningham
Department of Chemisﬁry and Lawrence Radiation Laboratory:

University of California, Berkeley, California

_Introduction 7

The work reDOrtéd below is part of a continuing prdgram of ihVestigation,
of the crystallographic prone“tles of compounds of the 5f trans1tlon elements

and constltuues the first. such studies on californium.

Experimental

A. Materials

The ~ 360 day alpharemitting isotopé-of‘californiﬁm of mass 249 was
used. It‘was purified on-a microgram scale by standard ion exchange
methods (1,2,3,4) using specially purified feégenfs and ioﬁ exchange -

E materials (s5).
'The purified californium was‘absorbed‘tc satuiation on single beéds bf.
Dowex 50 AG x b resin in 0.2 and 0.5 ugn’ quantities.
Tests‘to detefmine the purity of the californium.inéluded pulse analysis
for Pu, Am and C vm,‘and mass analy51s for Nd (as ‘an indication of rare earth

contamlnaulon). Actinides were not detected at limits of about: one atom

percent.

: The wovk venorted was done in Dartlal satlsfactlon of tne requlrements for
the Ph. D. degree in Chemlstwy, Unlver31ty of California, Berkeley -

fCMB-ll, Los Alamos Scientlflc Laboratory; - 'Los Alamos; New Mex;cov‘ 8754k
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Mass analysis revealed the presence of 0.32 atom percent of neodymium.

Although it was not possible to analyze the californium for all~possible-
‘impurities, significant contamination seems unlikely on the basis of the
purification procedures used and its inconsistency with the crystallographic
data.

B. Procedure

Tne.ion exchange beads containing californium_were ignited at~'l200° C to
prodnce the oxide,- which was then transferred to ouarti 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'hydrogene
gas at one-half atomosphere pressure and then cooled in hydrogen. ‘The resnlte
ing material»was pale yellow in color. Conversion of the oxide to.trlChloride
was accomplished by treating the oride'in situ with anhydrous HCl at 520° c
for three ten minute periods‘interrupted'by cooling, evacuation and admission -
of fresh HCL. )

In one preparation the fnrnace.temperature rose'to 600°, melting tne
sanple. Examination of the cooled product by optical microscopy indicated
the formation of a single crystal. Visually,'tnis sample was transparent,
w1th a clear emerald—green color. | | p

Subseqnent preparatlons at 520 ylelded polycrystalllne spec1mens which
produced satlsfactory powder dlagrams._ | v -

Powder patterns were obtained with a Model 80-000 Jarrell-Ash Mlcrofocus
x:,-'r'ay source and Phillips-Norelco powder. cameras of 57.—3 mm diameter'. Exposure
. times were 15-20 honrs;v

Diffraction lines on eaCh film werelread-independently_by two obseryers'
“and the.e values averaged; The'patterns were‘then!indexed byAcomparison_
with data availatle'on isostructnral compounds and tnrough:the'usejof sin2 e
.vdata and 1ntens1ty calculations performed accordlng to the POWD computer,r'-V

, program developed by D. K. Smlth (8)
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The lattlce parameters ‘were computed by least squares fitting of the

sin® 6 data using the LCR-2 program deve10ped by D. E. Williams (9).

“A. Californium sesquioxide

Results

Diffraction data were obtained from three"separate vfz 3 preparations..

A portlon of those derlved from one sample- are given in Table 1.

Reference (5)

| an 1n%e331ty of 10.0.

“Estimated visually on a scale from 10 to 1. .

'gives data to sin® @ = - 0.9281.
TARLE 1
Partlal Line List and Index1ng for Monoclinic Callfornlum Sesquioxide
- Film 2363A

. sin2 e ~ Intensity
hkl _ Caiculatcda Observed Caiculatedb Observed ¢
111 0.0588 © 0.0589 8.0 10 -
4OL 0.0642 0.0641 8.5 9

402 10.0668 | 0.0665 9.1 9
003 0.0712 - 0,071 =~ 6.4 8
310 0.0738 0.0736 10.0 9
112 0.0773 - 0.0773 9.5 10
600 0.1108 © 0.1106 1.2 b
511 0.1221 0.1221 1,9 5
313 0.1291 0.1287 k.3 7.5
313 0.1609 0.1609 5.4 7.5
020 . 0.1843 0.1836 2.8 6

801 0.1907 0.1908 C16 b5
re. '0‘2038} | 0.2037 :3f5}. 6.5
Lok 0.20k1J 1.1 ‘
8calculated using a = 14.124 A; b = 3.591.A; c.= 8.809 A;IB = 100.31 degreeé'
with A(@) = 1. 5&178 A.
bCalcﬁlated using the POWD -intensity program assumlng the atomlc coordlnates
of Sm,0,. The calculation was scaled such that the most intense line had

Lattlce.parameters calculated for- all three preparatlons are’ glven in

Table 2 below.



'TABLE 2

Californium Sesquioxide Lattice Parameters-Monoclinic Sm_ O, Structure

23
Film & . 20a® b 26b & - ¢ 20 % B 208 %
number (4) (4) (4) (A) . (a) (4) (deg.) (deg.)
2338A 14,132 - 0.011 3.592 1 0.002 8.811 0.007 160.31 ‘ 0;07
2363A 1k,122  0.008 ~  3.591  0.002 8.807 0.006 - 100.32 0.06
23824 14,116 0.008  3.590  0.001 .  8.808 0.005  100.31 0.05
'Vaverageb 1h.12% % 0.020 3.591 % 0.003 8.809 * 0.013  100.31 * 0.02

aEstlmated standard dev1at10n for the 1ﬂd1v1dual preparations as computed from least squares fits
us1ng the LCR-2 lattice parameter program. :

ThL error limits placed on the average values were computed u31ng

2
' d,
95% confidence error limit = iéig 2% '
. o Ny OV TR-T
where djis the dev1at10n of the individual lattlce parameters from the average; N is the

‘number of observations; i.e., 3;> and the factor b, 30 is the 95% confidence Student t value for
3 observatlons. -

.' _11- )

6£§LI-THQQ
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B. Californium triehloride : :

.Diffraction data were recorded ffem two californium trichloride Semples.
Least squares lattice parameters were a="T.390 A, ¢ = h 095 A
7 396 A, ¢ = 4.085 A for the two samples,vrespectively. Applying the
e appropriate t value for two observations gives £0.04 A and i0.0G_A for the
95% confidence interval for the average values of the a and c parameters,
‘vrespectively. |
Table 3 presents a comparison between observed and calculated sln2 9 -
.and intensity values for one sample, using the two-sample averege férvar'

and c. Higher angle data up to sin2 6 = 0.9684 are given in reference (5).

"TABIE 3 _
Partlal Line List and Index1ng for Hexagonal Californium Trlchlorlde'
' - Film 24304 ‘
sin2 6 | ‘V,' Intensity »
nkl = Calculated® Observed - Calculated’ ~ Observed®
100 0.0500 0.0501 - - 10.0 10
200 0.0580 0.0580 2.k | 7
111 0.0790 ~ 0.078 . 10 . s
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 o -7, | - 10
ooz 0.kl . o.k25 . .15 .

102 0.1566 01575 . 1.0 |
220 ooo0.aaTs0 - 0736 . 1k C 55
12 0.18% . 0180 .21 8

202 0.2000 . . 0.2001- 0.8 b5
131 0.2240 . .o.2236 2k 8
k00  0.2320 - 0.2306 . ok 3
212 - 0.2436 0.2435 0.8 o hs

'aCalculated using a = 7.393 A and b = 4,090 A with A = 1.54178 A,

_ Calculated using the POWD intensity program as_»umlnc the atomic -
coordinates of UCl,. The calculation was scaled such that the stronvest

llne had an 1ntens§ty of 10.0. SR o

CEstimated v1sually on a scale from 10 to 1.
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" Discussion ' ' -
ééiifornium_sesQuiexide as ﬁrepared by the method described in this
paper exhibits the monoclinic, B-type rare earthfsesquioxide strueture observed
in high-temperature preparatiens of the.sesquioxides-of samerium;and
europium (io). We have calculated the ionic radius of ce3* to be 0;976_' A"
from our deta on CfCl3, ﬁsing the method of Zachariasen (ll)z who gives
0.97 A for the radius of Sm3+. If the cation radius governs polymorphism_in :
the sesquioxides of the 4f and 5f transition elements, then the.oecurrence of
a high-temperature B—tyﬁe sesquioxidelin the californium.is to be expected.
(Since the work described above was completed, cubic Cf203 has been observed
‘as a product of the hydrolysis of CfOCl at 600—700& (12), thus extending the |

crystallographic analogyjbetweén Cf203 and Sm203.)

We wish .to point eut, however, that the exact stoichiometry of our
.californium sesquioxide is not known.

Further, we would like-to emphasize that the concept of ionic radius
should be used Qith considerable caution, particularly as épplied to compounds
‘of different structure type. ’Even'in compounds of‘the-seme structure type,

: internal consistency ﬁay beblacking. This is shown 1n Fig. l where we have

plotted nearest- nelchbor catlon-chlorlde distances for the UCl3 type struc—

ture compounds of the actinldes.

o . ,l __ o mem “'XBL‘675-309)+~—- e .

. 32— i 1 T T T 1 T
o<t D | ~ '
3. Actinide , apical. o
o ’ H . .
e
s 3.0 -
° ,
- P 2 gl Actinide equatorial
© . :
o ’ _ o :
® 2.8L—— L | S—— ! L]

Ac Th Pa U Np Pu Am Cm,__Bk..Cf -

' ' L FIG. 1
M—Cl bond dlstances in the UCl3 type aﬂtlnlde trlchlorldes.
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From'neptunium‘onward the "actinide. contractlon is confined almost

, exclu31vely to the bonds between the - catlon and the nearest—nelghbor aplcal

chlorldes; metal—eqpatorlal chloride distances are virtually constant, but

show an actual increase between curium and californium.

The lanthanlde trlchlorldes exhibiting the UCL_- type structure show a

3

s1m1lar anisotropic "lanthanlde contractlon.
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