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ABSTRACT

BkCl3'has been prepared and found to exhibit ﬁhe UCl3—type hexagonal
- structure. Powder data from three samples give average lattice parameters
a, = 7.382%.002 A.and-cé = 4.127%.003 A, where the error limits are the 95% -

confidence interval calculated using the standard statistical method for the

average of three independent determinations.
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L
} '~ INTRODUCTION
As part of'a‘éogtinuihg program to invéstigate the crystallographic

}properties of berkelium, we report here our results for the UCl,-type hexagonal .
{ . . . . .

3

berkelium trichloride.

EXPERIMENTAL :
The soufée of'bgfkeliﬁm was the same as'reborted previously.(l) The
1ime-green trichloride samples ﬁere prepared by treatment of the oxides,
contained in quartz x-ray capillaries, with anhydrous HCl gas at ~520° C for

three 10-12 min periods interrupted by cooling, evacuation and admission of

fresh HCL. The HCl gas. was allowed to flow thfough the capillary system at

atuospr.eric pressure. The techniques employed in this hydrochlorination have

(2,3)

A1l Bk013 samples prepared ekhibited the UC13—type hexagonal structure.
Exposure times were about 10 hours, using the same diffraction equip-

nment and operating conditons as reported for the oxide work.(l)

# - . '
The experimental work reported here is taken from a thesis to be submitted

by J. K. Pcterson to the Graduate Division of the University of California in

partial fulfillment of the requirements for the degree of Doctor of Phildsophy.



-Powder defa verettreaéed(eS'reporped;imvﬁme:first paperIOf'this'series.
" The theoreulcal 1nten51ty calculatlons were carrled out assumlng the aoomic

~ -coordinates of UC13( ) for ‘those of BkCl3 |

| | Table l-llsts»the'observed lattlce parameters for the iﬁdividual
'erlchlorlae prcparatlons along w1th thelr Cfﬁl9 content. Fllms 2;87A and
"'2598A showed pure trlchlorlde phases, mhereas Fllm 26OOA showed mixed phasesv
of BkCl3 and BkOCl, predomlnanuly the former. Fllm 2652A was & second exposure
" of sample number JRP-XVI (Film *2598;\.) after an 85-day time»lapse.v ’I'his was‘
tO:uLC rf the lattlcc paramctcr would shrft noticcably LOWdrd thosc of CfCl

as Lhe Cf k9 content in the BkCl3 1ncreased Comparlson w1th the UCl3 Lyper

hexagonal CfCl lattlce parameters, (3’5) =.7. 393+ 040 A and <, h.O90i.O6O A,

3 |
clearly shows the expected expansion in the 2y parameter and shrinkage in’ the
s perameter. |

In accordance with Vegard's Law (assuming ideal homogeneoﬁs solid

',sorutrons), the observed lattice pardmeters were corrected for the known Cf

and Ce content (O 27 atom %), then averaged to obtain "best estlmates for

pure BkCl ag = 7 382+ 002 A, co = u.127i.oo3 A. : The error limits placed' o

on these.average lattlce parameter values were- computed us1ng the 95% confi-

" Gence level = (. 30/fﬁ) Ld , where di is the deviation of the individual
' _ -1 l ' - _
. lattice parameters from the average value, N is the number of observations,

" and the factor k.30 is the 95% confidence Student t value for three observations.

Table 2 gives -the line,iist and-indexing for one of the BkCl., samples,

3

the calculated 26 values, and the observed and calculated line intensities.

Plots of the a and R lattice parameters for the UCL_-type hexagonal

3
~actinide trichlorides are given in Flgs 1(a) and l(b), respectively. These

plots show shat, in the case of the actinide trichlorides, the "actinide

contraction” is clearly anlsotroplc.

[N ¢
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Usually such a sefies of isomorphié compounds lends itself for cal-
culation of the corresponding ionic radii; however, because of the anisotrcpieé
in this‘trichloride series; thé concept of ionic radius should be regarded
with considerable cauéion. Radii“célculations are based on avéraged inter-
atomic distances; and the radius cOncept'beggns to lose meaning when the
distances averaged dre considerably different. Table 3 lists the M-ClL bona

3

six-fold coordinated trivalent ionic radii. Calculations similar to those

distances in the UCL,-type actinide trichlorides along with calculated

presentéd in Table 3 show that the lanthanidé trichlofideé also exhibit an
anisotropic "lanthanide contraction."” Comparison of the similariy-calculated
trivalent ionic radii,éhows almost identical values for thé following lanthanide-
actinide.pairéz'GdrCf, Eu-Bk, Sm~Cm, Pm-Am, Nd-Pu, Pr-Np and Ce;U.

Because of the.extréme anion crowding in this UCl,-type trichloride
structure and by analogy with the lanthanide trichlorides, it is very
probable that there wili be a crystal structure change noted in ﬁhe actinide
trichlorides heavier than CfCl,. In the corresponding lahthanide trichloride

3

series, the crystal structure changes from the UCl_-type hexagonal (Ce-Gd)(8)

(10)

3
to the PuBr3-'type orthorhombic (%)(9) to the YCl3— type monoclinic (Dy-Iu).

The realization of this prediction will have to wailt until EsCL

3

is prepared

"and its crystal structure is determined.

.
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TABLE 1. BERKELIUM TRICHLORIDE IATTICE PARAMETERS (UClg-TYPE HEYAGONAT)

a

Sample © Film - - Cf 2k9 . Observed Lettice Paramctorub(A)
Number Number ~  Content (atom %) o ates c k2o
TRP-XTV é§87A - 3.0 | 7.3828.00L  k.127%.001
TRP-XVI  25%8A 3.68 | i 7.38uﬁ‘ooi ~k.127%.001
ORP-XVII  2600A - 3.90 N 7.383%.001  k.125%,001
JRP-XVI 2652A . o . 20.17 - : ; 7.387£.001 " L,122%.001

%calculated assuming Bk249 half-lifé‘is'3lh days.

Libh;cc parameters are the least squares value. The 2¢ error limits repré;ent
the 95% confidence range reflecting only- the internal consistency of the data
for the individual preparation. : :
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/. LINE LIST AND INDEXING FOR ‘BkCl

,

 UCRL-17710
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TABLE 2. (Continued)

hkl Observed® Caleulated® . Observed® CalculatedS
. 20 (deg) 28 (deg) © Line Intensity Line Intensity
103 - o - 69.9% . ‘ i .7
7 69.97. Ch.3 L
312 . 69.95 , 0.7
. 203+ | S 75.18 [0
- 75.21 : , \ k.5 , o L ‘
5027 : 75.19 - 0.4
- 501 - 78.21 828 © . 2.0 Lo
213 e g'-' ‘ 80.30 , ' - S 1.h
? - 80.31 , k8 ~{
232 L o - 80.31 o ' , : 0.5
vel 833+ 833 . 50 1.1
b1z 83.6% - | - .83.67 . 5.5 | 1.5
511 68.36 - - 88.36 . s 1.2
313 | o 90.34 A -  )60.7
} ©90.30. . .o B
502 190.35 | 03
. 332 - 93.7L © 93.69 Lo . 0.6
403‘{ o 95.35 = » ¢ 0.3
, 95.46 o {

242/ | o 95.36 "0.1
601, , %.71 ¢ 0.0k
. %.76 1.3 {
cok~ 9.68 0.2
ey 98.28 : | 0.8
L3 98.26 - 2.5 broad- L
10k, - . 98.25 0.2
5120f 100.29 (0.1
il 100.26 : 4.8 3
:23&,. J 100.28 0.8
512, ~ 100.64 (0 06
2! 1@0.66 ’ 2.5 L
323&2/ ; 100763 0.4

{Continued)
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" hkL .VvObserved% fz}j[d&léﬁlétéd§.f?ﬁﬁ Observed®  :5; :ﬂ’iCélculatedc .
: 20 (ceg) ... 20 (deg) . . ‘Line Intensity . = Line Intensity
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e

11947 o
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:3;5,:;.;.

4.0
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1¢?3{55ifa t?{r‘“ L
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e
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(Continued)
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TABLE 2. (Continued)

hkl Observed®  Calculated® .  Observed® Caleulated”
- 20 (deg) 20 (deg) ~ Line Intensity - Line Intensity
710al 130.90 Al3°'92,' f 1.5 | 0.6
©'3eh, - 131.80 1377 L 1.5 0.3
bz, 132.30 - o 132.2h . 2.0 0.6
433, - 13%.52 o 5 0.7
L oasws0 0 13k.s3 3.5 ( 0.2
‘ .134.53 0.k
135.20 | 0.4
135.20 . 135.22 o . 2.0 510.09 :
- 135.22 ) 0.2
136.30° - 136.b0 kg3 L1
137.15 o _137.12 : -', 2.0 E . 0.6
wo.ke - - go-05
140.39 . - - . 1.3 . S
. clko.39 _ - Loy
1k2.0k o lk2.0h 1.3 . 0k
o wr.z2” U] - | (1.1
- 147.29 = i 3.0. : 2
‘ 7.7l -0.3
SRR 11
: 149,12+ il : - 0.1
149.09 _ A;i , 2.5 i
149.03 %ﬁf” = ¢ 0.8
e - :
k0. G | 150'17.. i | &o.os
149.9 : f’u-: . 1.3 B
150.08 fﬁﬁ? . ' ' Lo.k
- ' T | |
151.09 151.09 3%% - ko S -
n
152.19 152.21 1.8 0.6
153.99 153.95 - 2.5 broad 0.8

(Continued)
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TABLE 2. (Contlnucd)

".i;“hkl ‘_,vO‘servedaj{Q Calculatedb 1 _.',.OBSérvedaf,n . ‘Calewlated®

28 (deg)v.j " 20 (deg)  Line Intensity .~ Line Intenzity

RN ;15u.99‘f;f§;}5f'155.21' . L5broad . 0k

- 7;2a_ ‘  158.98 ‘”:Jfﬂy  1§9.01:,31~5i 5 40 bfoéd’.{'z  '- 2.9

1

4,0 broad

'.712& . o ;fzz{”;  160.6Q.fl;h;;é ’ , ' ' '1}4,1‘ !{*176

2{ - 160.73
J

7f,215d S 160.83}34ﬂ”{jg,_j S ,V.;s;f]ﬂ‘[ 2.1

l_.

bBasod on Lhe hexagonal lattice: narameters

o Lndependent observer's averaged readingg (29 readlngs are 0. lO ) and
&Vcluﬂed 1ntcns1t1e° on a scale fram lO to 0

a_ = 7 817 A c,.= h 1274 A and
M@) = 1. 5&178 A, x(a ) = 1. 5&051 A, and x(& ) = 4&33 A% ,
uulculgued u51ng the POWD 1nten31ty prowram( )
intense 1ine had I = 10.0.

and scaled such that the most
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- TABLE 3. ACTINIDE-CHLORIDE BOND DISTANCES AND ACTINIDE TRIVALENT ICNIC R-DII
{DERIVED FROM UClB-TYPE HIEXAGONAL ACTINIDE TRICIHLORIDE CRYSTAL DATA)

Actinide Lattice M-C1 Bond .
Trichloride . Parameters (A) ‘Distances (4) ~ Ionic Radius™ (&)
a e :.-'apical equitorial (ew =6)
o} [o]
Ac 7.6 k.56 3.092  3.036 1.153
U 7.3 h,321 - 2.968 2.9586 1.045
Np o7.k20 ko282 2,949 2.948 ' 1.029
Pu 7.395  L.246 . 2,931 2.939 1.0l
Am o 7.38h h.225 . 2.922 2.93% - 1.006
om  7.380  4.185  2.907 2.933 - 0.9%
Bk 7.382 k.27 2.886 2.933 . o -0.63z2
e 7.393  %.090 2.875 2.938 0.975

8Calceulated according. to the following formula:

Ionic Radius =[ 3(M-Cl equitorial bond distance) +
6(M-CL apical bond distance)]/9 - 1.81 - 0.11

vhere the chloride ionic radius is taken to be 1.81 A 7) and ,the 9-fold to
6-70old coordination correction number is taken to be 0.11 A.
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" . FICURE CAPTICNS | o
“Figs. 1i(a) and 1(b)., ‘Lattice parameters for t'hev'UCll3-tI.fpe>h€°-><€iiglc>n&1;a'Ctin\ide

trichlorides.

e
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