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ABSTRACT 

BkC1
3 

has been prepared and found to exhibit the UC13-type hexagonal 

structure. Powder data from three samples give average lattice parameters 

a == 7. 382±. 002 A and·c == 4.127±~003 A, where the error limits are tl:).e 95% o 0 

ccnfidenceinterval calculated using the standard statistical method for the 

average of three independent determinations. 
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INTRODUCTION 

As p~rt of a· continuing progr.am to investigate the crystallographic 

!pl'operties of' berl{elium, we report here our results for theUC1
3
-type ~exagonal . 

berkelium trichloride. 

EXPERIMENTAL 

The source of .berkelium was the sa..."!le as reported previously • .(1) The 

lime-green trichloride samples were 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. 'l'he HCl gas, was allowed ~o flow through the capillary system at 

atmospteric pressure. The techniques employed in this hydrochlorination have 

been published previously. (2,3) 

All BkC1
3 

samples prepared exhibited the UC1
3
-type hexagonal struct1;.re. 

Exposure times vTereabout 10 hours, using the same diffraction equip­

ment and operating conditons as reported for the oxide vTOrk. (1) 

"1.-
The e:;.:pe!'imental vlork reported' here is tOken from a thesis to be submitted 

by J. R. Peterson to the Graduate Division of the University of California in 

partial fulfillment of the requirements for the degree of Doctor of Philosophy. 
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RESULTS .AI\TDDISCUSSION ' 
~ ." 

Powder data were treated as reported' in the first paper of' this series. (1) .' ' 

The theoretical intensity calculations were carried out assuming the atomic 

,coordinates 9f UC1
3

,(4) for those of BkC1
3

., 

Table 1 lists the observed lattice parameters for the individual 

tric:hlor~de preparations' along with '~h~ir Cf24? content. Films ,2587A a..'1Q. 

2598A shO\.,red pure trichloride phases, vlhereas Film 2600A showed mixed phases 

of BkC1
3 

and Bko"Cl~; predom:inant~y the former. Film 'z652A was a second exposure 

of sample !:I,umber JRP-XVI (:&'ilm ~2598A) after an 85-day time lapse. This \OTas 

to sec if' the lattic,e purameterswould shift noticeably toward those, of CfCl 
3 

as the Cf249 content in the BkC1
3 

increased: 'Comparison with the UC1
3
-type 

hexagon"l CfCl ,'latt.;ce" p<>"""~eters, (3,.5) a -- 7 393+ 0"0 A and c - 4 00 '0+ 060 A .... 3,'" """",=U o· - . .,. 0 - ''/ -. , 

clearly shows the expected expansion in the a
o 

parameter and shrinkage in'the 

Co parameter. 

In accordance with Vegard's Law (assuming ,ideal homogeneous solid 

solU~ions), the observed lattice parameters were corrected for the known Cf 

arid Ce content (0.27 atom %), then ayeraged to obtain "best estimates" for 

"pure" BkCl":1: a :: 7. 382±. 002 A, c :: 4 .127±. 003 A: The error' limi ts pJa ced 
..J 0 ' , 0 ' , 

on these ,average lattice parameter values,were computed using the 95% confi-' 

, dence level:= (4. 30/.[N)lti 
2 

, where d, is the deviation of the individual 
, , N-l ~ , 
lattice parameters from the average value, N is the number of observations~ 

~~d th~ factor.4.30 is the 95% confidence Student t value for three observations. 

Table 2,gives ,the line liS~ and indexing for one of the BkC1
3 

samples, 

the calculated 2e values, and~ the observed and calculated line intensities. 

Plots of the a and c lattice parameters for the UC1
3
-type hexagonal 

00, , 

actinide 'urichlorides are given in Figs.lCa) and l(b), respectively. These 

pJ.r.;tz sho'v! that, in the case of the actinide trichlorides, the "actinide 

contraction" is clearly anisotropic, 
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Usually such a series of isomorphic compounds lends itself for c~l-

cUlation of the corresponding :ionic radii; however, because of the anisotrcpies 

in tilis trichloride series, the concept of ionic radius' should be regarded 

",i th considerable caution. Radii calculations are based on averaged in~er­

a.tomic distances; and the radius concept 'begins to lose meaning ",hen the 

dinto.nces averaged are considerably different. Table 3 lists the M-Cl bond 

dL.itances in the UC1
3
-type actinide trichlorides along with culcul:ltcd 

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

present~d in Table 3 show tha.t the lanthanide trich10rides also exhibit an 

anisotropic "lanthanide contraction." ~omparison of the sinii1arly:-calcu1ated 

trivalent ionic radii ,shows almost identical values for the fo11mdng lantha..'1ic.e-

actinide pairs: Gd-Cf, Eu-Bk, Sm-Cm, Pm-Am, Nd-Pu, Pr-Np and Ce-U. 

Because of the extreme anion crowding in this UC1
3
-type tri~h10ride 

structure and by analogy with the lanthanide trich10rides, it is very 

probable that there will be a crystal structure change noted in the actinide 

tr1chlorides heavier than CfC1
3

• In the corresponding lanthanide trichloride 

series, the crystal structure changes from the UC1
3
-type hexagonal (Ce-Gd)(8) 

to t~e PuBr3~tYPe orthorhombic (Tb)(9) to the YC1
3
-type monoclinic (Dy-Lu). (10) 

'l.'hc: realization of this prediction will have to Wtl.it until ESC1
3 

is prepared 

and its crystal structure is determined. 

( . 
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BEHKBLIUM TRICHLORIDE LAT/rICE P..."illAMETERS (UCl -TYPE HE'/.Jl_GOIIJ.fI.L) 
-.3 

Film 
Number 

2587A 

2598A 

2600A 

2652A 

a 
Cf249 

Content (atomofo) 

3.04 

3.68 

3.90 

20.17 

Observed Lattice par~netersb(A) 
.~ ±2a c ±2a 

o 0 

7 •. 382±.001 4. 127±. 001 

7.384±.001 4.l27±.001 

7.383±.OOl 4.125±.001 

7; 387±. 001 . 4.122±.001 

aCalculated ass~~ing Bk249 h~lf-life is 314 days~ 

bLatticc parameters are the least squares value. The 2a error limits represent 
the 95% confidence range reflecting only· the internal consistency of the data 
for the individual preparation. 

. , 
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TABIJ~ 2;, LINE LIST AND INDEXlNGFOR'BltC1
3 

(JRP,"XIV; FlU; 2587A) 

hkl 

'110 

101 

200 . 

111 

201 

210 

300 

211 

002 

102 

220 

112 

310 

202 

131 

: 400 

212 

401 

302 

230 

410 

2':(1 '~, 
..J i 

222 ) 

a 
Observed 
2G (deg) 

. 24.09 . 

25.68 

27.93 

32.'58, 

. '·35.48 

37.23 
. :. (.' 

42.37 
[' 

'43.32 ' 

43.92 

46.32 

,49.37, 

50.62 

51.52 

52.82 

56.53 

57.72 

58.87 ' 

62.27 . 
62.72 

63.42 

. ~ ; 

,', 

. b 
Calculated 

2e (deg) 

24.11 

25.69 . 

27.91 

32.54 

35.52' 

37.21, 

42.42 

43.39 

43.87, ' 

.... 46.22 

49.38 

',,50.68 

51.'54 

52.80, 

56.49' 

. 57.68, ' 

58.85 

62.30 

62.67 

63.42 

67.09 

67.81 

68.17 

". a 
Observe.d 

Line Intensity 

• ,J' 

9.5 

5.0 

3· 3' ,.' 

9.7' . 

4.5' 

9.0 

. 2.7 

J.5 

3·3 

5.5 

2.5 

'2.8 

5.5 

1.5 

3 ~'8 

1.3 

5.5 

'0.7 

4.0 

6.0 broad. 

Calcu1c;,ted.
c 

Line Intensity 

6.8 

10.0 

2.'3 

1.1 

9.2 

1.6 

7·7 

1.5 

1.0 

1.4 

2.1 

0.8 

0.8 

2·3 

0.4 

2.2 

0.5 

1.3 

{ 2.8 

L 1.1 

(Continued) 

'. 

.' 
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TABLE 2. (Continued) 

hkl Observeda ' b ' 
Calculated a Observed Calcula.ted c 

261 (deg) 26) (deg) Line Intensity Line Intensity 

103 'i 69.94 J 0·7 

312 J 
69.97 ' 4.3 L 69.95 0.7 

203,) 75.18 l' 1.0 
( 75.21 4.5 

402) 75.19 lO.4 

501 78.21 78.28 2.0 1.0 

213,) 80.30 ·(4 \. 80.31 4.8 
2~2 J 80.31 o c ' 

,J . .; 
421 83.34 ,83.34 5.0 1.1 

412 , 83.64 ,83.67 5.5 1.5 

511 88.36 88.36 '. 4.5 1.2 

313 } 90.34 f 0.7 
90.30, . 4.0 

. '( 0.3 502 ,90-35 

332 93.71 93.69 , 1.0 0.6 

403\ 95·35 (' 0·3 
, 95.46 ' 1.0 i. 0 • 1 242) 95.36 

601 ! 96.71 ( 0.04 
" 96.76 1.3 " ' L 0.2 
\ 

COL~.) 96.68 

L~ ')1 .,'"\ 98.28 )' 0.8 , oJ cc I 
"I \. .98.26 2.5 broad, ..... ,-

CO. 2 10l+rl ) 98.25 
u .. 

.l. 

~"12 100.29 r 0.1 ) ..... a .'\ 
~l ; 100.26 4.8 J 

'- lo.8 j 23Ct• ) 100.28 
J. 

512CJ. '\ 100.64 \ 0.06 
~2 i, 100.66 2'.5 

L. 0.4 ")2~' ' 100.63 
• .J jC(_ / 

G" 

(Continuec.) 
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" "TABLE 2. (C~nti!lUed) 

, a'·""'" b 
. Observed-, ",. Calculated 
,2e(deg) . . 2e(deg} 

. a 
Observed 

"·Line Intensity 
'. ,. ,.\ 

101.63 i.8 broad 

3.5 

3.5 

... :, 110.66 ',~, 
110.80 

, " .. 
\ .... ' 

': ~' :'.. \ 

, ,.', 111.07 ,,: '. 
111.1Q , 2.0 

, '111.08,::' 
" . .... , .. .. " 

, '112.10 . ': ',. ·112.07 .... '~·r 
'. '~ ' .... ~ ~ . . . 

. 3.5 . , 

'112.60 

, 116.55 

118.20 

119.40 

• 
121.80 

122.40 

" ... 112.49 

..... '. 
116.'55 

". to 

117·57 

~. ,118.04 
: . .' ' .' 

119.50' 

' .. 119.50,' , 

119.47 

121.80 . 

121.81 

122.31 

122·32 

125.38 

. '2.0 , . . .' ~ 

.', ' . .. ~ . ,. " 

, '. 

" 

'.': 3.5 

,: "3.5 

1.8 . 
.. ~) .,' 

, '.', '" 1.0" 

,3·5 

.. ' ., 

2.0 ' 

, I' 

UCRL-17710 

'f 

. c 
Calculated 

Line Intensity 

'.') . 

['0.2 

0.6 

0.3 

{ 
0.4 

"0.3 

. f 0.2. 
,( 0.2 

.... ';'. ', .. 
0.5 

o.} 

0.9 

0.6 

.\' , ··"·.:r-: 
~ .. 

.. .;.... ~ 

- -... ~ ".;.,';' 

.' 0.3 

0.4 

0.2 

{0.8 

0.2 

125.39 3.5 broad 
125.41 

(Continuec;) 
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TABLE 2. ' (C0n.tinued) ,,' , 

veltL- 1'(710 

'. hkl 
'a; 

Observed 
, ',' b 

Calculated 
, 20 (deg) 

',' a· 
,Observed -

" c 
Calculat.ed 

.' , .' 

. ~ "':'., . 

" ',1 

" , 

28 (deg) 
"'" . 

155.21 

159·01 

160.60 ,,' 

160.83" , 

, '" r 

Line Intendty, Line Inten3ity 

1. 5 broad' , 0.4 

4~0 broad 

,4.0 broad 

alf\vo independent observer' s ave~aged' readi;ngs(28 readings are ±O.lOo) and 
avcl:o.ged intensities on a scale from 10t,o O • 

'i?Based o~ the hexagonal lattice parameters a. = 7.3817 A, co ,= 4.1274 A and 
~,ca) = 1.54178 A, A(al ) = 1.54051 A, and A(82 ) = 1.54!~33 A.;; , 

cCalculfl.ted using thePOOD intensity progr'am(6) and scaled such that the most 
, intense line had I = 10.0. , 

.. '."" .' ; 

;: " 

.i 
.' ,'. -..... ,,' I 

... .' .;' =,;. ,. \ ~: . 
'1.' 

: -4. 

;, , 

.. ~ .. 

" .. : " 

,,t , 

, , . 

, . 
" 

", . 

',-
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TABLE 3. ACTINIDE- CHLORIDE BOND DIST.ANCES Al'JD ACTINIDE TRIV.ALENT IONIC ?v:...DII 
(DERIVED FROM UC1

3
-TYPB HEXAGONAL ACTINIDE TRICHLORIDE CRYST1\L DATA) 

Actinide Lattic~ M-Cl Bond 
Trichloride Parameters (A) . Dista..rlCes (A) Ionic Radius a (A) 

a .c apical equitorial (cr~ = 6) 
0 0 

Ac 7.64 4.56 3.092 3.036 1.153 

u 7.)·1-43 . 1+.321 z.958 ., 9'''8 " •. ;;> 1. 01.~5 

Hp 7.420 4.282 2. 9~·9 2.948 1.029 

Pu 7.395 4.246 2·931 2.939 1.014 

/un 7.384 4.225 2·922 2.934 1.006 

enl 7..380 4.185 2·907 2.933 0.950 

£k 7.382 ~ .• 127 2 .• 886 2.933 0.902 

Cf 7·393. 4.090 2.8~(5 2.938 0.976 

~Calc'...llate·d according to the following formula: 

Ionic Radius : .. [ 3(M-Cl equitorialbond distance) + 
6 (M-Cl apical bond distance)]/9 - 1.81 - 0.11 

where the chloride ionic radi~s is take~ to be 1.81 A(7) and t~e 9-fold to 
6-fold coordination correction number is taken to be 0.11 A.(7J 

I 

I 
I 
! 
I 
I 

I 



:-12- UCRT.r-1 T(lO 

,.' . FIGURE CAPTIONS, 

Figs. l(a) and l(b). Lattice parameters for the UCI -type hexagonal actinide , ,3"' 

trichlorides. ' 
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4.6 

4.4 

4.2 

4.0 (b) Co - parameters 

Ac Th Pa U Np Pu Am Cm Bk Cf Es 

7.8 

7.6 ~, , 
"-" , 

7.4 ~---~.~-.~-o.--~-
(a)' 0 0 - parameters 7.2 

A c Th Po U N p Pu Am C m B k C f E s 

XBL678-3625 

Figs. 1(a) and 1(b) 
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