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OF BERKELIrn-1. IV. BERKELIUM TRIFLUORIDE 

J. R. Pete~son t and B.' B. Cunningham 

Department of Chemistry and Layrrence Radi~tion Laboratory 
University of California· 

Berkeley, California 

'November 1967 

ABSTRACT 

BkF3 has been found to eL~ibit a low-temperature, YF
3
-type ortho

rhombic structure and a high-temperature, LaF
3
-type trigonal structure. The 

lattice parameters of these tYTO BkF 3 modifications are: a o = 6.70 ± 0.01 A, 

b = ,.09 - 0.01 AJ C. == 4.41 ± 0.01 A (orthorhombic), and a == 6.97 ± 0.01 A) o 0 . 0 

c 7.14 ± 0.01 A (trigonal), where the error limits reflect the uncertainties 
o 

in the derivation of the lattice parameters. The inversion temperature of 

BkF3 lies in the range 350 to 600 0 c . 

'f 
T~"le ezpe::cin--cen.tc.l \-lerk repo::cted here is ta.'k:-:;'D from a thesis submitted by 
J. R, Peterson tb the Graduate Division of the University of California in 
partic.l fLLlfillment of the requir'ements for the degree of Doctor of P:--tilosopilY" 

t eJ""e ~e"" J..... ~ J...1. W 

3-:-915. 
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INTRODUCTION 

The preparation and crystallographic characterization of two _ 
',;, . 

: ~tructural forms of· berkeliuDi trifluoride are described in this paper. 

EXPERlMENTAL 
\ 

The berkelium used in this work was derived from two separate puri

fication cycles, both carried out as described previous"iy• (1) Mass analyses 

of the two berkelium solutions showed the Ce arid Nd contents to be 0.27 atom 

percent Ce and 0.06 atom percent Nd in one Bk solution, as contrasted with 

9.53 atom percent Ce and 0.03 atom percent Nd in the other. The difference 

is attributed to the failure of the alcoholic' HCl column, used to separate 

Bk and Ce, in the second purification cycle. The presence of the cerium and 

californium (from decay of Bk249 at a rate of ",0.2% per day) contaminants 

prevented the determination of accurate lattice parameters for BkF
3

• 

Berkelium trifluoride samples were prepared by treatment of the 

oxides (stuck on a 5-mil Pt wire inside a hole in a 1/8-in Pt rod) with a 

one-to .. two H2(g)-HF(g) mixture at 600 0 C for one-half hour, followed by a 

second, similar treatment with a freshH2 -HF() mixture. The trifluoride 
(g) g 

samples were either cooled rapidly to obtain the high-temperature, LaF
3
-type . 

trigonal modification, or cooled slowly to obtain the low-temperature, YF
3
-

type orthorhomoic modification. In both cases the samples were cooled in the 

reaction gas mixture and then fiushed with argon gas before removal from the 

all-Monel vacuum system. The very pale yellow-green trifluoride samples were 
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"chipped off" the Pt wire into a quartz capillary, which was subsequentlY 

evacuated and sealed off for x-ray examination. Further details of the 

hydrofluorination techniques can. be foUnd in reference (2).' 

X-ray exposure times, using the same diffraction equipment and 

operating conditions as reported for the oxide work, (1) were from eight to 

twelve hours on the 0.2 Ilg BkF 3 . samples. 

RESULTS AND DISCUSSION 

Berkelium trifluoride was found to exist in both the LaF
3
-type 

trigonal structure, (3) characteristic of the lanthanide .trifluorides of La 

through Pm, and the YF
3
-type orthorhombic .structure, (4) characteristic o~ the 

lanthanide trifluorides of Sm through Lu. 

All of the BkF3 powder patterns showed the presence of more than 

one phase~ Usually all the lines were accounted for by a trigonal trifluoride 

phase plus an orthorhom9ic trifluoride phase, but in some cases other, 

unaccounted-for lines were present in the powder patterns. One phase was 

always dominant, however, and only the more intense lines of the other phases 

were,observed. Because of the possible superposition of lines belonging to 

different trifluoride pha~es, the observed line intensities for each separate 

phase are subject to error. In one case (JP-VII, Film 269LA) enough of the 

minor YF
3
-type orthorhombic phase was observed to determine lattice parameters' 

for it. 

The observed lattice parameters of the individual trifluoride pre

parations along with-their Cf249 and Ce contents are listed in Table 1. 

• 

' .. 

• 
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Since CeF
3 

does not'exhibit an orthorhombic 'modification, the YF
3
-type 

berkelium trifluoride lattice parameters were initially corrected for the 

known Cf content of the Bk sample in accordance with Vegard's Law. (5) The 

lattice parameters of orthorhombic CfF
3 

(a = 6.653 ± 0.002 A, b = 7.041 o 0 

± 0.002 A, and Co = 7.395 ± o.OOlrA) were derived from a single preparation 

. by Peterson et al. (6 ) These" corrected- for- Cf," orthorhombic BkF 3 lattice 

parameters were then plotted versus the Ce content of the berkelium sample 

and extrapolated to zero Ce content to obtain "best estimates" for the lat-

tice parameters of orthorhombic BkF3: a = 6.70 ± 0.01 A, b = 7.09 ± 0.01 A, o 0 

and c = 4.41 ± 0.01 A, where the error limits reflect the Uncertainties in 
o . 

the derivation of the lattice parameters. 

Similarly for LaF
3
-type trigonal berkelium trifluoride, since the 

trigonal modification of CfF
3 

is unknown, the lattice parameters were corrected 

for the known Ce content of the Bk sample using the parameters of Swanson 

et al. (ao = 7.112 A and, Co = 7.279 A). (7) These "corrected-for-Ce," trigonal 

BkF3 lattice parameters did not vary in any regular fashion as the Cf content 

of the berkelium sample increased, so they were just averaged to obtain "best 

estimates" for the lattice parameters of trigonal BkF 3: ao = 6.97 ± 0.01 A 

and c = 7.14 ± 0.01 A, where again the lattice parameters are rounded off 
o '" 

to the nearest hundredth and the error limits reflect the uncertainties in 

the derivation of the lattice parameters. 

The Miller indices, observed and calculated 26 values, and observed 

and calculated line intensities for one sample of each type of BkF3 are given 

in Tables 2 and 3. 
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Thoma and Brunton studied the equilibrium dimorphism of the lan

thanide trifluorides. (9 ) Dimorphism was not observed for the trifluorides of 

La' throughNd. They determined equilibrium inversion temperatures for the 

trifluorides of Sm through Lu and found them to range from 555 0 C for SmF 3 ' 

to 10750 C';::,for;:.ErF
3

• :,"The«6rthorhombic~::,BkF :>samples Lin: thiS :'wbrk':were 'ea~ily 
, ,3· 

converted to the trigonal form by annealing at 6000 C. The inversion tempera~ , 

ture of BkF3 lies between 350 and 600°C but could not be dete~ned more 

precisely, since long-term annealings'of trigonal BkF3 samples failed to 

produce significant transformations to the orthorhombic form. 

A summary of the pertinent crystallographic data of the lanthanide 

and actinide trifluorides along with calculated ionic radii is presented in 

Table 4. Crystallographic data for the high-temperature form of the heavier 

ianthanide trifluorides is given in reference (9). The trifluorides of Bk 

and Cf are the first of the actinide trifluorides to be prepared in the YF
3
-

type orthorhombic, modification. 

B.Y comparing the Bk3+ ionic radius, as calculated'from the LaF
3
-type 

\ 

trifluoride, to the similarly calculated ionic radii of the light lanthanides, 

it is seen that the Bk3+ radius fits in after Pm,the last lanthanide to 

exhibit the trigonal trifluoride structure below ~550o C. Alternatively, by 

comparing the Bk3+ ionic radius, as calculated from the YF
3
-type trifluoride, 

. to the similarly calculated ionic radii of the heavier lanthanides, it is 

seen that the'Bk3+ radius fits in' before Sm, the first lanthanide to exhibit 

the ~3-type orthorhombic trifluoride structure. These calculations and 

'comparisons are consistent with the observed dimorphism in the BkF system. 
, 3 

It is important to note that comparisons of ionic radii can only be made 

• 
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'. 
meaningful if the values compared are calculated in like fashion from the 

same type of compound, both with respect to composition and crystal structure • 

From the data in Table 4 and by analpgy with the work of Thoma and 

Brunton, (9) one can predict that CfF
3 

will exhibit the LaF
3
-type trigonal 

structure at temperatures greater than or equal to about 7000 C. 

The calculated density (x-ray) of YF
3
-type orthorhombic BkF3 is 

, 9.70 g/ce, whereas for the LaF
3
-type trigonal modification, it is,lO.15 g/cc. 

These.numbers reflect the general trend noted in the lanthanide trifluorides 

that the high-temperature, trigonal modification is the more dense one. 
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Table 1. Berkelium trifluoride lattice parameters. 

Film Cf
2498 b . C 

Sample Structure Total Ce Observed Lattice Pa~ameters (A) 
Number Number Type Content Content a ± 20' b ± 20' C ± 20' 

(atom %) (atom '/0) 0 0 0 

JRP-XXIII 2624A Y.F3 7·03 0.27 6.695 ± 0.004 7.086 ± 0.004 4.407 ± 0.003 

JP-VII 269l.A Y.F3 1.53 9·53 6.717 ± 0.015 7.+14 ± 0.011 4.409 ± 0.005d '. 

JP-x 2713A Y.F3 5·16 9·53 6.716 ± 0.001 7.103 ± 0.001 4.408 ± 0:001 

JRP-XXI 2614A ·LaF 5·26 0.27 6 • CJ73 ± 0.002 7.143 ± 0.003 
3 

JRP-XXII 2619A LaF3 6.20 0.27 6.965 ± 0.003 7.140 ± 0.003 

JP-VII 
. 

2691A LaF3 1.53 9·53 6.990. ± 0.001 7.15T.± 0.001 

6.990 ± 0.001 
.. 

.' 

JP-X 2716A LaF3 5·79 '9·53 '7.158 ± 0.002 

JP-X 2734A LaF3 8.05 9·53 6.988 ± 0.001 7.156 ± 0.002 

8Calculated assuming Bk~9 half life is 314 days. 
b - ". 

Determined by mass analysis. See text .. 

CLattice parameters are the least sq,uares val~e. The 20' error limits represent the 9510 confidence 
range reflecting only the internal consistency of the data for the individual preparation. 

~e second phase in a predominantly trigonal BkF3 powder pattern. 

( • ( • 

, 
co 
I 

g 
~ 
1-'. 
~ 
\0 
~ 

i' 
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... ,'. '.'_.'" .' 
Table 2 • ,Line list and indexing for YF

3
-tyPe orthorhombic' BkF3 (JP-X, 

FilJn 2713A). ' 

28 {deg2 Line Intensity 
a b a c 

I hkl Observed Calculated Observed Calculated , 

• 
011 23.67 23·75 6·5 2.0 

WI , " '" 24.15 101 24.12 9·0 , 5.7 '. 
' ' 

" 

020 25·02 25·07 9.0 6·3 
. .' ~ 

.: .. 
200 26.47 26.54 1.5 0.1 

, . 
, , III 27.27 27.26 ' 10.0 10.0 .. 

210 29·37 29.42 10.0 7.6 
"', 

201 33·51 33.55 . 3·5 0.4 

, . , 121 35·06 35.09 9.0 }.1 
: 

., 
211 35·90 35.91 3·0 0.1 • 

'" , , 

; 002 40.85 40.94- 6.5 1.1 

221 42.25 42.34 6·5 1.4 

102\ 43.20 r··4 
43.14 4.0 

. ;.. 031 43.38 0.1 
" ' 

'," " 112 44.99 45.13 6.5 1.8 

30
1\ 45.44 \2.4 

" .. 45.44 " 10.0 
45.53 

\ 

3.6 , 131 
, . 

230 46.84 46.95 8.5 3.2 

311 47.29 47.30 7.0 1.8 

022 48.54 hB.61 7.0 1.5 

122 5.0.53 50.60 7·0 l.4 
,,' 

212\ 51.21 r·3 
51.23 8.0 broad 

.040 51.46 1.2 



.' . 

· .. : ..... 

"".' 

',.; :~':, " ...• ,' 

......... ' :"'., 
...•... '. 

":' .. '" 

: , 
· .. ::'. ' " ",1 

.' : - . ~. : .... , . 
'l·· .. :O :. 

. . ,' , .. -; 

I : .. 

, . . ' ~... : 

· , : 

,". 

, " 

.. 
, . ,. 

,. 
,:1' • 

. '.' 

! •. 

" 

,;: ,. 

" . 
, ", 

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

' . 

. . 

hkl 

;21 

400 

3
02

\ 
132 

312 . 

411 

331 

420 

241 

232 

0131 . 
'322 • 

113 

042 

" 430 

. 142\ 

,.051 

'·203 

402 

123 

34-1 

151 

a Observed 

57 .57 ~" . 
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Table 2. (continued) 

. b 
Calculated 

•• ': ,.oIt. 

.. 

.. ' . . ' 

60.37 '.' . ' . "':" 
60·35 

60.42 

61.02 

62.77 

64.01 

64.76 " 

66·31 . 

, "',,, 

' .. 

60.68 ' 

',,61:.04 
-'. ' ',". . ~ ~ 

.... " ,:.:.62.84 , 

. .:' .' 

,64.03 , 

64.78 

. 64.91 

66.44 

67.65 < ,... '<'.. 67·76. 

68.45· ":':"'.''-'', ,':> " 68.51 

69.35'.: -,-:,;' 69·38 
. ' .. 

, , : ~. 

70.40 : 

71.05 

,.' 69·52 

70,.50 

70.79 

71.05 

71.12 

'., '.;. 

i 
, , . 

. ': . 

'. 

. UCRL-17912 

Line Intensity 
a Observed 

7·5 

5·5 

6.0 

7·5 

6·5 

3·5 

6·5 

6·5 

3·0 

4.5 

1.5 

3·0 

3·0 

2·5 

CalculatedC 

2.1 

0·9 

1.0 

r2 

0.6 

0·7 

0.4 

0·9 

1.0 

0·3 

1.1 

ra 
0·3 

0·3 

0·5 

0.1 

\0.4 
0.1 

0.6 

0.4 

0.2 

1.0 

0.7 

• 



, .' : • .' ':, •• : " • .' • "~~t" 

hk1 

..... ',', " 

" , 332 

, ,. 
:".;;,;." '.: .:', 
-, ,.,'. '.-. :,:.: .. ' 

':.: ." 

511 
!',' /:,'." ,.," 

'. '. . .. " 

". "" 'j ~ ... .'., . ,::. "~" 

::.: ·,i.". 
'" 

223 

422\ 
033 

440 

521 

060 

, .' 
'" " 342\ 

152 

351 
. ',' 

",'~ .": . ' 531 

.' ;-' . , 
': 161 

.".:' . 
. 252 

610 

. 4131 
',522 

>';: ,"(~~.i:' .: / ::, :' 
, " 

..... ~::I 
.l • 

( '.~. " ,~. ".'j :' • 

. \:., '. (' ...... 

• ' • • ~r ',<.,." .' .. " , .. ' , .... 
. . .. ', ::', ~ ':' ' 

.. ..,~~'.'.';'. 

.. ,": . 

352

1 451 

:' :: .. :t~,:r·:·;·,: ,,', 
• J. • • 

. " 

, , 

. . .. 
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Table 2. (continued.) 

. 2$ (deg) 
a ' b 

Ol~~erved.~ Calculated 

72.15 

i . .!" 

75·10 
i, 

75.45 . 
, 

76.15 

78.39 

79·19 

81.23 

86.23 " 
. ..... 

72.17 

72.20 ' 

72.2} 

Cf5·13 

75·52' 

76.14 

76.26 

78·38 

79·29 

81.26 

'81.88 ' 

81.95 ' 

83·52 

86.10 

• 86·30 :' " 
'J;': 

,,_" 88. 28 , ' " ,"', 

, 86.50 ': 

:' 88.40 ," 

91~78 

',:. 
", " ~, 89.15 ',", . 

, ';" '89·86' ' 
'. ~ ", '. l 

, ••. ·it , . 

,.: 91.63: 

',i 91.88' : 

94.05 

94.11 

" 

Line Intensity 

" ~. 

; , 

.: .... , ' 

~: . , 

': :; 
,: .. ' .. 

... ' .'.' 

" 

a 
Observed, 

5·5 

, 4.0 

, 6.0' 

4.0 

,6.5 broad .. 

,3.5 broad 

.5.5 broad 

'. ,,5.0 

3.5 broad 

c 
Calculated 

0.2 

0.6 

0.2 

0.8 

1.2 

1

0.8 

0.4 

0.6 

0·3 

0.4 

j
O.2 

0·3 

0.4 

0.7 

0.4 

0.6 

0·5 

1
0.8 

0.4 

1
0.4 

0.7 

1
0.3 

0.2 

", '.' " 

" .:.: 

f" 

':' 

r' 
" 

~ .' 

" 



.. ' ~ "~' .. , .. -
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." '., Table 2. (cont1nu~d)' 
, •. ;i,\~. "'.'" .~., .,. .. ' 

. '.' .,. ... ::" .;::':: .: ..... :>, hkl 
· " ~, ::', ' . . :, ,': ' 

1·: " ' .' 
'., ,:' ',':; :,'".. " 

", .".. 062 
.' " ':":' , ':.; . 

, " '.' "". 

',:'.',".\". 541 
:. " 

. --" ... ' " 

1: ;. , .. ,: : 

, :. '.' 

, :; : ::~.' : . 
· . 

" .. .. 

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

. 053] 

361 

630 

343 

.153 

433 a1 

304 a1 

26 (deg) 

Observeda Calculated
b 

95·32 

95~51 95.56 

. 96.81 

98.26 

99.36 ... 
i' 

100.51 

'" ., ... 
, . 

.: ;',' .", 

95·69. 

96.63 

96.84 

. 98.01 .' 

98.42 

99.24 '-

99.47. 

99.54 

. 10~.49 

102.34 ' 

. : ' ." ~, 

., 
'.',\ :. 

·.612 a1 ~. 102 .36 

134 a1 

, ,.' ,';' ·102.40 
. t :1 ~ ," . . ' . 

. ' ,.' 

'.,' . 102 .41 

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

~ . " 

, . 

, .. 

, 't' 

, : ...... . 

. , 
, ~ ,,' . 

· ," .... ' 
',' ;" .: 

314 a1]· 

171 a1 

270 a1 

460 a
1 

542 a1 

542 a 2 

.551 all' 

. 321+ a 
1 

'::' 

'. 

103.91 

,,: ' . , 

" .-.. ' . ',: 

'j , '" 

103.72 

103·87 . 

104 • 95 .:- .' .. ." 104 • 93. . 
'f' . 

105.50' 

106.09 

106.59 

j~ " 

. . . 

. ' , 

'; .. ,. 105·52: 

. :.:... -106.15 

. 106:53 

107.86' 

.107.92 

, . 

. 
, -

~ ,'. 

" . 
i 

~ '. 

~ . 
, r' 

:' . 

; !. 

;, : 
. " ' 

i 

- ' ; , 

Line Intens1 ty . 

Observed8 CalculatedC 

4.5 broad 

1.5 broad 

4.0 

2.5 broad 

3·5 

4.0 

4.0 '. '., 

3·5 . ,. 

2.0 

1.8' .' 

1.3 

4.0 

.. ' ... 

0.2 

0.2 

0.4 

r1 

0.2 .. 
, ro3 .. 

0.6 

0.4 

0.1 

0.1 

0.4 

0.1 

0·3 

0·3 

r3 

'. 0·3 

0·3 

0·3 

0.2 

0.1 r3
. 

0.2 

: 

'. 

: . \,.:, 



~.:-:, .. : 
, '-:':'f.:',: 

, .' 
'.< ' 
'. , 

. " . .. ~'. .:,,' 
.. :<-1., ,,:., 

t· .. ' .•. 

! .' 

.. ' .. ~ 

, ',' .:~ . 

' .. 
. ' ..... ' 

" ..... 
.';;1 . " . 

, ~. .;; 'j,. .' " 

. .k, 

... 

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

. .~' ~. ;. ~ .' 
. , 

.. .,. ~. . , . 

" ~. 

.•... ,.... 'j.' 

. ". 
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Table 2. (continued) 

26 (deg) 

hk1 Observed8 Calculatedb 

551 Cl2 \ 

324 Cl2 

362 Cl1 

701 Cl1 

7
11Cl

1
\ 

1h4 Cl
1 

632 Cl1 

533 Cl1 

172 Cl1 

.334 Cl1 

108.29 

109·09 

no.54 

112.29 

113·79 

115.04 . 

721 Cl1 116.39 . 

'. 371 Cl1 \ 

721 Cl2 

263 01 

272 Cl1 

080 Cl1 

462 Cl1 

650 °1 

.116.78 

120.13· 

120.72 
. . . 
. 122.27< • ' . 

108.25 

108.31 

. 109.12 

110.49 

111.94-

112·30 

113.76 

114.76 

115·02 

115.17 

116·37. 

i16.76 

116.83 

120.09 

120.12 

120.34 

.. 120.78 

. 122.34 . 

. . ~ 
7120 \ . ·· ... ".123.83 

1 .. 123.92 ' " . 
. 453 0:

1 
. . ".'>,;' . 123:94-

·712 02 

561.0.1 

. 453 0:2 

. ' 

. , . '." 

1" •• 

124.37 

124.43 

124.48 

>,:".,·· •. ,·· .... 1 

, 
, . 

t .' 

.", .. ', 

.. 
I . 

UCRL-17912 

Line Intensity 
a c Observed Calculated 

. 2.0 

1.0 broad 

2.0 

3.0 broad 

2.0 

o 

2·3 

5·5 

1.8 

1
0.1 

. 0.1 

0.1 

0.2 

1
0.1 

0·3 

.' 0·3 

0.1 

0.1 

0.4 

0.4 

1
0.2 

0.2 

0.1 

0.1 



,1· 
" 

I 

• '~: • ~. I. 

. . . , ... , 

. ,.,' 
. , ' . 

". . :.' 

,'. >; 

. .: .• ~. ' .. ' :. '. .' 

:'.:,,;' 
'. ~ ." ; 

-', ' , .. 

'.' .:. ~':: .. : ' .. 
' ....... " ' 

:' '., 

" . 
; 

. ; 
.': .... 

." . : ... : .. :.' 

hk1 

344 ° 1 

623 01 

154 ° 
1 

181 01 

3440 2 

623 02 

. 154 02 

181 02 

205°1 

372 ° 1 

471 ° 1 
.,., 

504 ° 1 

205°2 

372 02 

471 ° 2 

504 02 

. 281 01 

281 "'2 \ 

800 01 

073°1 

810°1 

633 ° 1 

073°2 

-14- UCRL-17912 

Table 2. (continued) 

2e {deg} Line Intensity 
a b a c 

Observed Calculated , Observed Calculated (I. 

126.15 0.2 
v 

126.20 0.4 
126.22 5.8 

126.24 0.3 

126.34 0.2 

126.72 0~1 

126.76 , ' 
0.2 

126.82 3.0 
," .' 

126.80 0.1 . 

126.90 0.1 

129·17 
., 

0.4 
., 

129.30 0.1 
'129.31 '. 4.5 

129.37 0.1 
... 

" , ... 129·39 0.3 ; 

~ .. . 
. ':., . ' 129.77 0.2 

: 
: 

129·90 0.1 
129 96 .. : ..... { : '2.0 . .." .' 

129.98 
, • 0.04 '. i 

129.99 0.1 . " 

132.11.: .. , .. ! 132.18 
. ;,:'" 

.. 0.8 0.1 
.: 

....... 
132.82 ro1 

. 133.01 .~ 0.8 
..... , 133.13 0.1 \..' 

.' 

134.65 " 13~ .58 1.8 
. 
0·3 

t· ~'. ~ 

. 135.00 0.04 

135.05 135·09 1,·3 0.03 

135.26 0.1 

: . 

•••• > • 

. ". 



: t:' ":: 
" 

, . 
" .. ', 
v·.·· '. . . 

.... " 

....... 
• • t 

: ~'. , '. ~ .. , '. ' 

'. i .. 
. ' 't"' 

'.: " 

;: ....... . 
, .- '" " . 

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

;: .. ' I, 
4 ,', .:. " , 

, j ..:.~ - .". , ' • 

.',' , 

. j', 

. '.',' 

".::::. '. \ . 

. " ~ " 

, . -:,-' 

' . .'~ .. "" 

t, • ". " 

", . ". '~: ' :. 

' ... 

hkl 

225 a1 

741 a1 

173 a1 

524 a1 

225 a2 

741 a2 

173 a2 

524 a2 

035 (Xl 

732 a1 

,035 cx
2 

562 (Xl 

082 (Xl 

182 a1 

820 a1 

652 a1 

182 a2 

820 cx2 

652 (X2 

354 all 
381 a

1 
. 

35
4
. CX21 

381 a2 

'.' 
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Table 2. ( continued)' 

2e (deg) Line Intensity 
a Observed 

136.60 ' 

137.45· 

138.40. , 

, ' , 

I',' 

b Calculated 

~ 

136.53 

136.58 

136.74 

136.77 

Observeda Ca1cu1atedC 

6.0 broad 

4.0 

3.5 broad 

.. 

0.7 

0.6 

0.1 

0.6 

0·3 

0.3 

0.04 

0.'3 

0.4 

0.2 

0.2 

'.', .141.00 . 

137.25 

137·30 

137.46 

137.49 . 

137.57 

138.15 

138.31 

138.46 

138 .54 

140.87 

141.05 4.5 broad 

0·3 

0.4 
.; .-

" .-

" 

141.94:· ,.' 
, ";' 

," '~ , 

..... 

'. " 

143.44 .' 

" " 

, 141.19 

141.67 

141.86 

.142.00 

143.28 . 

143.41 

144.15 

1.8 broad 

4.5 broad 

2.5 broad 

0.5 

0.1 

0.2 

0.2 

1
0.5 

0.5 

1

0.3 

0.2 



.. "'-:-. ~ . 
. p"'. ~.! : 

'0 '~."'.... ~_ 

',' 
',I • ~, 

. ~,.' ': . . 

, " 

,. ',," 

: "" ; '""~" .. ". 
. ' 

.: ~ . ", 

., 

' ..... 
. ,',' 

~ .,.'. 
1 .• ' 

,', '. I:." .:,'. 
,;.' • I- '" 

.; " , 
~ .: ',.:' "'" ': :",. . 

" ;. 

\ ',' , 

" ;' 

", ...... , " 

'. 
," " 

" ,'f 

. " ,,', 

. ~ :" . ", 

" ' 

'. " 

hk1 

164 a1 

, 571 a1 \ 

,643 a
1 

571 a2 \, 

643 a2 

480 all 
802 a1 

723 a1 
480 a2 

802 a2 

751 a1 

373 0:1 
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Table 2. (continued) 

2e (deg) 

Observeda , , b 
Calculated 

148.19 148.20 

150.59 
150.13 i 

150·79 

151.69 ' . 
" 

151.90 
,. 

157.83 . 
158.10 

: 151.91 

1)8.84 

159·33 

159·62 

159·72 

159.83 

UCRL-17912 

Line Intensity 
a Observed 

3.3 broad 

6.0 broad 

4.0 broad 

4.0 broad 

3.0 broad 

c Calculated 

1 

0.8 

0.8 

1 

0.4 

0.4 

1 
0.6 

0.4 

~Two independent observers' averaged readings (2e values are ± 0.10°) 
and averaged intensities on a scale from 10 to O. 

bBased on the orthorhombic lattice parameters ao;= 6.7162 A, 
, bo = 7.1031 A, Co = 4.4084 A, and A(a) ='1.54178 A, A(O:~= 1.54051 A, 

and A(a:2) = 1.54433 A. .' 

cCalculated using tae POWD intensity program,8 ,assuming the atomic 
coordinates of YF3 for those of BkF

3
, and scaled such that the most 

intense line had 1 = 10.0. . 

;. , , 

\) 
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, ,~. - . ': - .. , .. ', .. -
. .' ;' ': :", :.- , ..... , ... 

,Li~elist and indexing for-LaF,-type trigonal BkF, (JP-VII, 
" , ,Film 269lA). 

- " " ';rabIe, 3, • 
: .- i"-" 

'-"",'\ .... 
....... :. '.::, .. ' 

"~~',.,-, -,', hkl ............ 
. t •.•. '. " ":' . ..~., 

'··'I·~: ',. ::.::.' .. : 

111 ' 

112 

. ~ :. 

., . ":.' . 

..... '. 
_ ';1 

...... 
. :; 

" 

;".1 .. 

. -' ......• ~ 

',' . 

2e (deg) 

,ObservedG Ca1cUlatedb 

24.84 

25.44 ' 

':: 28.44 

:. . .. ~ . 

. " ." ~ '.' .' 

. ,'; ; .. ,' 
: -:-:: __ -, ~5 .84','" ','. 

.", -:'" , .... 

24.88 

25.49 ' 

28.42 
1 . 

·i 
i 

, J 

, " 

. ~ 

'I 

, \ 
, 

Line Intensity 
a Observed 

8.0 

10.0 

5·5 

9·0 

9·0 

4.0 

8.0 

1·5 

4.0 

4.0 

1·0 

6.0 

6.0 

c Calculated 

3.5 

2.5 

10.0 

0.5 

I 3.1 

0.3 

1.9 

0~5 

0.4 

1.3 

1.2 

I 0.8 

0·3 

1.6 

0.2 

0.4 

0.2 

6.5 ~.4 

4.0 broad 0.2 
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· ::;:.:." ::':;." .':. : .. ' 
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.' : \ ... : ," 
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t·" • 

• " .0: •• ~" ~, 

~ : ~ , •• :.... J 

· ~ ~., . 

•.... , "! 
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. .. , 

, " .. ,. ,-:-,_:",::,;'" .. 
.... i'able 3. (continued) . . '.f ' 

.29·(deg) 
" . . . a 
· "Observed ..: ..... 

.... b 
Calculated 

. : 

" !' ... . 
.' " " . ~ ..... . ... 

" •• 't.· 

.. , , 
.' '. '. " ..... . r! . , 

., '''j 
I 

.' , 

.' ., j 

" ~ ;" ' . ., . ' . I 

· :: :'118.08 ....: .. :,,'.;, .::. : 118.12 523 (Xl 

523 (X2 

416 (Xl 

227 (Xl 

604 (Xl 

441 (X;t 1 
118 <Xl. 

441 <X2 } 

118 cx2 

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

, ).' . ",' ~ " 

· .'. 118.58 . .': ..... : .. :.;: . ::. ·118.60 
.' .~ ... ,.' 

: .: '. 

120.98: :.' 

121.56 '. 

122.36.'· 

1?5.16 

125·96 

'120.93 

121.59 

122.44 

125..27 

125.44 

125.83 

126.00 

" 

':>' .. "I' 

,;,. 

I 
'. 

; 

Line Intensity 
a Observed 

. . 7.0 

, 

3.0 

2 .0 

6.0 

4.0 

1.5 

3·0 

3·0 

4.0 

2.0 

c Calculated 

1 
0.8 

0·5 

0.2 

0·5 

0.2 

0·3 

0.4 

I 0.4 

0.6 

. I 0.2 

0·3 

0.6 

0·3 

0.2 

0·7 

0·3 

0·3 

0·3 

0·5 

r·4 

0.1 

I 0~2 . 
0.1 

. \.., 

... : 

v 

i 
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....... , 

, " . -
... ':': ..... :.;. 

': ,"-

" \' 

. ':', 
'. ' 

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

~ . ." 

',,' ., 

:" . . :, 
: " . 

" .; 

'.;. 

,: .. 
';" 

'., ":.' ',-, ' 

~" :: 

i .. 
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Table 3. (continued) 

28 (deg) , , Line Intensity 

hkl Observeda Calculatedb Observeda Calcu1atedC 

524 <Xl 129·36 129·31 3·5 0.2 

524 <X2 130.06 129.92 1.5 0.1 

336 <Xl ' 135.06 135·10 
"c: 

4.0 0.6 

443 <Xl :139.76 ' '. 139.71 3·5 0·5 
. ,'!.\ 

308 <Xl 140.66 . 140.73 5·0 0.6 

308 <X2 141~66 141.53 3.0 0.3 

417 <Xl' 144."56 144.61 ·6.0 1.1 

417 <X2 145.56 145.51 4.0 0·5 :. .. 

525 <Xl 147.26 147.36 
, .. '. 

6.0 ,~; . 1.2 

'525 <X2 148.36 :. '148.34 '., .. '. 4.0 ' ' 0.6 

711 <Xl 150.24 150·33 
~ . 

6.0 1.3 

711 <X2 151.44 151.43 4.0 0.6 

444 <Xl ' . 157.74 157.67 2.5 0·3 

,712 <Xl ' 159.84 159.79 3·0 0.6 

712 cx2 
161.44 161.45 1.5 0·3 

aA single reading of the powder pattern (2e readings are ± 0.10°). 
Observed intensities are on a scale of 10 to 0 and may be in error due 

, to the presence of a second phase (orthorhombic BIU'3)' 
, b ' 
" Based £n the trigonal lat.tice parameters a o = 6.9899 A, Co = 7.1566 A 

and A(CX) = 1.5q·178 A, A(<X1) = 1.5!~051 A, and A(<xr) = 1.54433 A. 
c ' " 8, 

. Calculated using the pown intensity program,assuming the atomic 
coordinates of InJ?.., 3 for those of BlU'";7., and scaled su'ch that the most 
intense. line had ,r,] = 10.0. ,,] , 

,. 
! ' 

. . " 1. ' . 



-20- UCRL-17912 

Table !~. Lattice par~eters and ionic ,radii derived ~rom the 1anth~~ide and 
actinide trif1uorides. 

f-) 

M3+ Ionic 
,0<" 

Trifluoride Structure Lattice Parameters ~A) Re~erence 

Type a b c Radiusa (A) 
_\,1 

0 0 0 (cl,:=6 ) 

,. , 

I,a LaF
3 7.186 7·352 10 1.006 

Ce LaF
3 

7.112 , 7.279 7 0.982 

Pr Lali'3 7.075 ' 7.238 11 0.968 

Nd LaF
3 .7. 030 , 7.200 10 0.955 

Pm ' Lali' 
3 6.970 7.188 12 0.945 

Sm ,YF3 6.669 '7.059 4.405 4 0.921 

Eu YF 
3 

6.622 '7.019, 4.396 4 . 0·909 

Gd YF 
3 

'6.570 6.984 4.393 4 0·900 

Tb YF3 6.513 6.949 4.384 4 0.888 

Dy YF3 . 6.460 6.906 4.376 4' 0.877 

Ho YF3 6.404 6.875 4.379 4' 0.868 

Er YF3 6.354 6.846 4.380 4' 0.860 

'Jln YF ' 
3 

6.283 6.811. 4.408 4 '0.855 

Yb YF3 6.216 6.786 ' 4.434 4, 0.851 

6.151 6.758 
' \ 

4 ' 0.848 Lu YF
3 

4.467: 
, I 

Ac Lali'3 7.41 7.55 13 1.076 ' • .J 

U LaP 7.181 7.34,8 13 1.005 3 \) 

Np LaP 3 7.129 7.288 13 0.9$6 

Pu LaP 
3 7.093 7.254 ,13 0.974 



~, Trifluoride 

em 

Bk 

Bk 

Cf· 

Structure 
Type 
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Table 4. (Continued) 

Lattice Parameters 

7.044 

6.999 

6.97 

6.70 

6.653 

7.09 

7.041 

(A) 

c 
o 

7·225 

7.179 

7.14 

4.41 

4.395 

aCalculated according to the following formula: 

Reference 

14 

14 

wo~~ 1 
Th" 

6 

UCRL-17912 

M3+ Ionic 
Radiusa (A) 

(cN=6) 

0.962 

0.946 

0.935 

0.928· 

0.915 

Ionic Radius = (Weight - averaged M-F bond distance) - 1.33 - 0.11 

l~ 
where the fluoride ionic radius is taken to be 1. 33 A .. and the 9-fold to 
6-fold coordination correction number is taken to be 0.11 A.l~ 
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This report was prepared as an account of Government 
sponsored work. Neither the United States, nor the Co~~ 
mISSIon, nor any person acting on behalf of the Commission: 

A .. Makes any warranty or representation, expressed or 
implied, with respect to the accuracy, completeness, 
or usefulness of the information contained in this 
report, or that the use of any information, appa
ratus, method, or process disclosed in this report 
may not infringe privately owned rights; or 

B. Assumes any liabilities with respect to the use of, 
or for damages resulting from the use of any infor
mation, apparatus, method, or process disclosed in 
this report. 

As used in the above, "person acting on behalf of the 
Commission" includes any employee or contractor of the Com
miss'ion, or employee of such contractor, to the extent that 
such employee or contractor of the Commission, or employee 
of such contractor prepares, disseminates, or provides access 
to, any information pursuant to his employment or contract 
with the Commission, or his employment with such contractor . 
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