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California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.



Submitted to . o | UCRIL-17912
J. Inorg. Nucl. Chem. : o , Preprint

S UNIVERSITY OF CALIFORNIA

- . I A " . ) . . .

B . Department of Chemistry and Lawrence Radiation Laboratory

: o Berkeley, California .

Coa

AEC Contract No. W-7405-eng-48

CRYSTAL STRUCTURES AND LATTICE PARAMETERS OF THE COMPCUNDS
OF BERKELIUM. 1IV. BERKELIUM TRIFLUORIDE

J. R. Peterson and B. B. Cunningham

November 1967



~iii- . UCRL-17912

CRYSTAL STRUCTURES AND LATTICE PARAMETERS OF THE GOMPOUNDS
OF BERKELIUM. IV. BERKELIUM TRIFLUORIDE-

J.VR. Peterson! and B. " B. -Cumiingham”

Department of Chemistry and Lawrence Radlatlon Laboratory
" University of California -

<
. Berkeley, California
‘November 1957
ABSTRACT
BkF3 has been found to exhibit a low-temperature, YF3—type ortho-
rhombic structure and a high-temperature,'LaF3-type trigonal structure. - The
lattice parameters of these two BkF3 modifications are: a 6 70 -O 01 A,
-. -bo = 7.09 £0.01 &, ¢ = L, l+1 0.01 A (ort or’lomblc), and a = 6.97 + 0.01 A,
e, = 7.1k * 0,01 A (trlgopal) where the error. limits reflpct the uncertainties
in the derivation of the lattice parameters. The inversion temperature of
BkF3 lies in the range 350 to 600° C.
-
‘é-r. . N n
v Tne experimental work reported hsre is tak:d from a thesis suomltted by
M J. R. FPeterson to the Graduate Livision of the Un1versrty of California in
partial fulfillment of tne reguirements for the degree of Doctor of Philosopiy..
fr\ ~ e ~= ™ - S £ - + 'n‘ .
Present address: Department of Chemistry, Tre University of Tennesses,
Xnoxvillae, Temunessze 27915 ' ‘
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INTRODUCTION
. The preparation and crystallographic characterization of two . «

" structural forms of berkelium trifluoride are described in this paper.

EXPERIMENTAL

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

fication cycles, both carried out as described previouSly.(l) Mass analyses

of the twq berkelium solutions showed the Ce and Nd contents to be 0.27 atom
percent Cé and 0.06 atomvpefcent Nd in one Bk solution, as contrasted with
; 9.53 atom percent Ce and 0.03 atom percént Nd iﬁ the other. The difference -
is attributed to the failure of the alcoholic HC1l column, used to separate
Bk and Ce, in thé'second purification cycle. The presence of the cerium and

249

" californium (from decay of Bk at a rate of ~0.2% per day) contaminants

- prevented the determination of accurate lattice parameters for'BkF3.

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 H HF(g) mixture at 600° C for one-half hour, followed by a

2(g)

~ second, similar treatment with a fresh H HF(g)_mixtufe. The trifluoride

2( -
. : g)
. samples were either cooled rapidly to obtain the high-temperature, LaF3-type

trigonal modification, or cooled slowly to 6btain the low-temperature, YF_- .

3

- type orthorhombic modification. In both cases the samples were cooled in the
“reaction gas mixture and then flushed with argon gas before removal from thel’,ﬁ

all-Monel vacuum system. The very pale yellow-green trifluoride samples were
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"chipped 6ff" the Pt wire into a quartg'capillary, which was subsequently
evacuated and sealed fo for x—tay examination._ Further details of the _
pydfofluoringtion téchn;ques can.be‘found in reférence“(2)f
- X-ray exposure timés, using thé same diffraction equipment and -
(1)

. operatihg conditions as reported for the oxide work, were from eight to

samples;

twelve hours on the 0.2 ug BkF3_

RESULTS AND DISCUSSION 3
Berkellum trlfluorlde was found to ex1st in both the LaF3 type ;
”,trigonal structure (3) characterlstlc of the lanthanide trlfluorldes of La . 
:.through Pm, and the YF3 type orthorhombic .structure, () .characteristic of the
lanthenide trifluorldes of Sm through Lu. o

All of the BkF, powder patterns showed the'presence of more than

3
one phase. Usually all the lines were Accounted for by a trigonal trifluoride
phase plus an orthorhombic 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 hore intense lines of the other phases

were .observed. Because of the possible superposition of lines belonging to
different trifluoride phases, the observedvline intensities for each separate

‘phase are subject to error. In one case (JP-VII, Film 2691A) enough of the

minor YF3-type orthorhombic phase was observed to determine lattice parameters -

for it.

The_observed lattice parameters of the individual trifluoride pre-.

2kg

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

¥
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-tice parameters of orthorhombic BkF

“estimates" for the lattice parameters of trigonal BKF
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Since CeF :does not exhibit an orthorhombic'modification; the YF3-type

3

berkelium trifluoride lattice parameters were initially corrected for the

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

lattice parameters of orthorhombic CfF3 (ezz.0 = 6.653 * 0.002 A, bo = T7.041

‘ % 0.002 A, and c, = 7;395 *+ 0.001A) were derived from a single preparation

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

3

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

and extrapolated to zero Ce content to obtain "best estimates' for the lat--
: = i = - i'. - !

3t a, = 6.70. OiOl A, b0 7 O9L 0.01 A, N

and ¢ = 4,41 * 0,01 A, where the error limits reflect the uncertainties in

‘the derivation of the lattice parameteré.

Similarly for LaF_-type trigonal berkelium trifluoride, since the

3

trigonal modification of CfF_  is unknown, the lattice parameters were corrected

3

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

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

BkF_ lattice parameters did not Vary in any regular fashion as the Cf content

3

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

3: a = 6.97 * 0.01 A

and e, = 7.14 £ 0,01 A, where again the lattice parameters are rounded off

to the nearest hundredth and the error limits reflect the ﬁncertainties 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 BKF. are given .

3
in Tables 2 and 3.



_ _fhanide'trifluorides._‘

trifluorides of Sm through Lu and found them to range from 555° C for SmF._ -

© ture of BKF

precisely, since long-term énnealings‘bf trigonal BkF

the YF

- comparisons are consistent with the observed dimorphism in the BkF

e o - UCRI~17912

Thoms, end Brunton studied the equilibrium dimorphism of the lan-

(9)

ZLa'through'Nd. They determined equilibrium inversion temperatures for the

3

to 1075° thoraErF3.ihTheﬁbrthOrhbmbic%BkFgﬂsampleéRiﬂ?ﬁhisTWErKfWéré=éé§ily

vconverted to the trigbnal form by anneéling at 600° Cf The inversion tempefa;‘_;’

3 lies between 350 and 600° C but could not be determined more

samples failed to

3

‘produce significant transformations to the orthorhombic form.

A summary of the pertinent crystallographic datavof 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

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

3

and Cf are the first of the actinide tfifluorides to be'prepared in the YF_-

~ type orthorhombic modification.

ionic radius, as calculated from the LaF3-type

By comparing the Bk3+

\

trifluoride, to the similerly 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 ~550° c. Alternatively; by

_ . . .
comparing the Bk3 ionic radius, as calculated from the YF_-type trifluoride,

3

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

4
seen that the"Bk3 radius fits in before Sm, the first lanthanide to exhibit

-type orthorhombic trifluoride struéture. These calculations and

3

system.

3

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

Dimorphism was not-obsérved for the trifluorides-bff"'.;:'
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meaningful if the values compared are calculated in like'fashioh from the
same type of compound, both with respect to composition and crystal structure.

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

3 -3

structure'at temperatures greater than or equal to about 700° C.

Brunton,(g).one can predict that CfF, will exhibit the LaF_-type trigonal

The calculated density (x—ray) of YF_ - type orthorhomblc BKkF_ is

3 3

9.70 g/cc, whereas for the LaF3 type trlgonal modification, 1t is-10.15 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.

Sample Film Structure Cfehga Total Cel Observed Lattice Parameters (A)
Number Number  Type Content Content % 20 b *2¢ c. t2¢

. (atom %)  (atom %) ° °
JRP-XXIII  262Lka YFB 7.03 0.27, 6.695 -t_o.ooli 7.086 * 0.00k  L4.407 % 0. oo3
J'P-VII | 2691A YF3 1.53 _9.53 : 6.717 * 0.015 7.;1& £ 0.011 h_.u09 t 0, 005
JP-X 2713A 11«“3 : 5.;6 9753 6.716 * 0.001 7.103 i o_.001 4.408 * 0.001
JRP-XXT - 2614A  LaF, 5.26 027"  6.97% £ 0.002 7.143 * 0.003
JRP-XXIT 26194 LaFB 6.20 0.27 6.965 * 0.003 7.1ho % 0.003
JP-VII 2691A ‘LaF}_ 1.53 | 9._53_ _ 6990 i o‘.oc_nw- 7.157 * Q_.oe;- N
JP-X - 2716A LaFB‘ 5.79 9.53 6.9 * 0.001 T. 158 i 0.002
JP-X 27344 ‘LaFB 8.05 9.53 6.‘988‘ * 0.001 . 7.156 % 0.002

8Calculated assuming Bk2h9 half life is 314 days.

bDetermineh by mass analysis.

See text..

Clattice parameters are the least squares value.
range reflecting only the internal consistency of the data for the 1na1v1aual pzeparation.

dThe second phase in a predominantly trlgonal B

3

The 2¢ error limits represent the 9% confldence

kF powder pattern. -

';8'

ZT6.LT~T800

P sy
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Teble 2.  Line list and indexing ‘forbYFj-type‘ orthorhombic BkF3 (7P-X,
' : Film 2713A).
26 (deg) | v Line Intensity
hkl Observed" Calculated® Observed” Calculated®
- on 23.67 23.75 6.5 2.0
Cam . oh.12 2l.15 9.0 5.7
o0 . e5.02 - 2507 9.0 6.3
200 26.47 - '26.54 o 1.5 . - 0.1
Com - er.er '_>  27.2%6 1000 " 10.0
C210 29.37 292 - . 10.0 7.6
201 3.1 3355 3.5 o
121 .06 . 3.09 . 9.0 . 3l
011 3.0 35.91 :' 3.0 0.1,
002 40.85 ho.gh 6.5 14
020 b2es Cohouzh 6.5 R
w02} . 1 y3.20 . (o
TR 195 | o ko
031 | | k338 | 0.1
M2 M99 . 4513 6.5 1.8
301) 4 ¥ ks B P
} b5k 4 ’  10.0 -
131 o 45.5% P 3.6
230 b6 .8l l.~ - k6. o 8.5 3.2
311 k729 T k7.30 . 7.0 1.8
o022 . ¢ 48.5h 1861 7.0 1.5
122 5053 50.60 7.0 1.k
212 - 51.21 - 2.3
51.23 . " 8.0 broad -
_ . - 51.46 . : 1.2
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Teble 2. (continued)

20 (deg) : Line Intensity

 nkl Observed® - . Calculated® '  Observed®  Calculated®

- 321 L 5258 . N 52-59. _- a 15 2.1
koo . SM.SB, T k.66 LR o.
SmL o sTsT T sTe L 60 1.

R TN

\O

o

et e S o
132] i s *,;Ej{ .58.87 . ._' : - 0.

302

312} - LJM';.: , -f~f~fn'fli§_6o.35 o :fl o 0.
bl o g037: T gode L T (o,

B L T 60.68 - ;‘}§f';" e

o W0 +F 9 O N

b20 slfifzsl.oé‘],fiIj;;t,slaohl»f~jv‘,.'- 6.5 1.

'15};?; L em S 62.77” 7 ?if{ffi ;62.8h AR 35 .. o

22 ghoL ;=_ivvf;;,6u.05'. T 6 1.
013] AR | |

. e |
. .. o 61;'076 ':‘.v'_v N .- *‘_"'."v,.;’ . ' y: . o 6.5

SR <L)

L
— ey
O (@]

13 661 ek 30 - o
o2 . 67.65. L 6116, . ks o

430 :: 68.h5A;fijﬂfﬁff, 68.51 IJ:j!, 15 o,

69.35 A icil 30
o e 6952 | .
203 . 69,80'?;E~-4fif‘69.87 B 30 - O.

o U W W o W

f 1&21

";051

Y. N

ho2 - 70.40 ﬂ'fuf;[_[  70,50 z e o.
123 - , '1 09 - o
341 T1.05 " . 71.05 . 7.0 1.0
151 L e | | 0.7
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. Table 2. 'v('con't‘ihue-d'):: o

.20 (deg) ' : Line intensity

07 mKl . Observed® © Calcwlated® . Observed®  Calculated®

.250 . L T2.15 72.20 . o 2.5 - _ 0.6
cwm| T 12,23 T -2
osm a0 . 9513 . ko . 0.8

s 0  mAse T2 60 12
Cweey o gk L 08
L }_; L1615 S S 5.0 { o
Mo B39 838 - 35 L 06
Sl 799 7929 3003
S oo 823 o 826 - U k3 ok
Cooske) e [
B TR -2 23 > RPN 0.5

CosmL 0 8363 . o B3se . 30 ok

   _152 |

s o o

86.23 86.30 : L oL

coles
0.h

[ . 3 R i_-.'-".v86-50 ,f.".
DR SCTIE .

9L i T S 500 N
A E T : B T (20

Coaw)

o 2l3) |
- I T .05

93.967 - . 3.5broad

T gk

0.2

low o o
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wosmy
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Table 2. (continued)

UCRL-17912

‘hkl

20 (degy

Observedg

Caleulated”

Liné Intensity

Observed®

Calculated®

S 0621
[ ' _'. : 51‘1

153

_. b33 0y
30k )

L 612 a

' _l}hal

314 e, B

17y al

270 ozl

L60 a

| 542 a,

- h2 o,

.251 4] ]

32k o
1

—

95.51 R

%81 .

| 98.26 o

99736'

10051 0
o100.36 0 7
203,91 ¢

105.50 ¢
106.09 -

106.59 S

107.84 4

%.32

' 95.56
95.69.

" %6.63

8 E

) © koo

CRTE
99.24

9947,
99.54

" 100.49

102,34

w1020

102401

T 103.72

z"; ;',: 105-87 :

:-1ou.953 '

T 105.52.
| ﬁff;~1o6.15

107.86
107.92

4-5 broad

1-5 broad

2.5 broad
3

E ' . )“‘00 ¢

35

2.0 0

1.3

k.o

0.2
0.2
Olu

0.1

0.2 .

6.3-.»:“
0.6_‘2
ok
“{o.1
o

0.1

0.3
0.3
0.3

0;3 '
| 0.3 l'ﬁ
0.2

0.1
003 .

002' .
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Table 2. (continued)

26 (deg) f Line Intensity

hik1 Observed® Caleulated® Observed”  Calculated®

S - s5lay,) : 108.25 ? 0.1
108.29 R : 2.0 - [

108.31 0.1

L
362, 109.09 - 109.12 . 1.0 broad 0.1

701 o 110.5% .. 110.k9 2.0 0.2

1
711“all o 111.9%

o
bt

112.29 B . 3.0 broad {

W ) 112.30

632 0y - 113.79 113,76 -’;'f.j 2.0 0.

=N W

533 ) . | :1"; C1k.76 - 0.

172 oy

ms.0h 15020 3.5 0.

=

T2l 116.39i;f;1f"~ 116.37 f‘% 3.0 S 0.
osn a) - S 1676 - 0.2
R '116.78 . 23 \
STl a,) . 116.83 o . . 0.2
263 o | o  ' ' 120.09 : S ‘ 0.

212 @)y 120,13, 12012 L 5.5 0.

[ A

Lg2 oy - 120.72 fi“ 'v,A‘l20.78f'fvff'?i[i 3.0 | 0.

aeeeri e U018 o
o 'fffffif7:f;125.83: "fi . : o.
R L lo.

N N U

e ST R . 0.

96l 124 .52  -?ffAf ; 124.&3 . 3.0 o 0.1
w3 a =T
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Table 2. (continued)

20 (deg) Line Intensity

hk1 Observed® Calculated’. Observed®  Calculated®

34 oy ) : 126.15 ' 0.2

623 o, : ' 126.20 . ‘ 0.4

126.22 . . .; 5.8 \

154 o R o 126.24 P 0.3 .
181 a _ oL 326.31i T 0.2

b o, o e '.126.72 \ S 0.1

6230, S o2
126.82 | o 3.0
.15k o, T 126.80 :
1810, L 126,90

129.17. G 0.4

205 a, ' | . o

el © 12930 o 0.1.
B S -2 R 45

471 a | C e 129037 3 ,; T 0.1

0.2

504 o, 4 . 129.39

5@y, ;_f‘t,;-:i_',i-j'-129.77

2oyl S 129090 L 0.1
b 129.96 o 20

1o, wona 129,98 0.0k

504 @ - e 129.99 | 0.1
e8lLa, 132.11 . . 132.8 - 0.8 . oa
281 @, o e 130.80 o 0.

. . 13301, 08
~8o0a, ) sl e 133013 . - 0.1
073 oy T 1h.65 . 134.58 L 1.8 0.3
810 o s 135.00 ";"" | ‘ 0.0k
| 135.05 135.09 1.3 0.03
. 073 a| S 135.26 ; | N | 0.1

- 633 o
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Table 2. (continued)

20 (deg) =~ ' Line Intensity

hkl . Observed” Calculatedp . Observed® = Calculated®

R XA . 136.53 Lo
- 136.58 ' . 0.6
y 136.60 . ' 6.0 broad
173 ay o 136.74 C 0.1
52k @, 1 ‘;fwi,'. 13677 | 0.6
225 a21' T 137.25 - S 0.3
Th1 o S e 137.300 {n - o 0.3
173 @, 5 137.&51 31 f;_ 13746 lf;: ko © (0.0
5eh a, b v f;-';~ _137.49 Si{ o : 0.3

o350, ) .ot | 0.
Ra tff‘f:: i.; 138.15 _‘F?f;ai_ - | . 0.3
035 @, .A'138.§Qf}§_*f'g 138.31 o - : 3.5 broad 0.2
seay [ 0 uBas oo 0.3

o2t om0 Lo
Bea, | | .}?53}7'f 140.87 ‘_';- o : - (o3
13.14i.oo.iﬂf3ﬂ;,A. w05 k.5 broad {o.b
652 Q) | o v_zuﬁ :5;47;1h1.19; o . _ L0,5

eay| G Bwer ot © foa

820 o, b 1&1.9h7ff}fiﬁ}ﬁ? h1.86 - ?vw 1.8 broad - | 0.2 |
652 o, '“;Tiffﬁfls.luz.oo' o 1

P I L, IR~ O . 0.5
L T T . 4.5 broad
- o AR 1T R ] ’
» ks -
, _ W2 ? 2.5 broad
381 o, ST 1ML 28 : .
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Table 2. (continued)

26 (deg) : i ‘ Line Intensity

hkl Observed” Calculated” Observed®  Calculated® "
16k o 148.19 ~ 148.20 3.3 broad 0.6
. ) L,
- 5TLagy 150.59 _— 0.8
150.73 . . 6.0 broad '
643 o, » - 150.79 L , 0.8
571 o, - ' i 151.69 i ' o 0.4
. - 151.8% .. . _ . 4,0 broad
© 643 o, P 2 13- R S ’ 0.k
480 o, ' : .. 157.83 : 0.6 : |
C157.97 . 4.0 broad B
802 ) S o180 b L 0.4
3) . - 188y . (03
L8o a, | - . 159.33 S , 0.3 .
802 a, b 15947 . 159.62 © . 3.0broad = { 0.2
51| | - 150.72 L 0.3
373 o | | 15983 o

8rvo independent observers' averaged readings (26 values are * 0.10°)
and averaged Intensities on a scale from 10 to O.

bBased on the orthorhombic lattice parameters ag. = 6.7162 A,

bo = 7.1031 A, co = 4.408% A, and X(a) =" 1.54178 A, >‘(°‘1) = 1.54051 A,
and x(ag) = 1.54433 A, '

Ccalculated using tHe POWD intensity program,f3 .assuming the atomic

- coordinates of YF for those of BkF5i and scaled such that the most

intense line had I = 10.0.

N
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“ fable 3.  Line list and indexing for' LaFB-tYPe trigonal BKF, (JP-VII,
. . Film 269].A) .

ol
————

o 29 (deg) ‘ Line Intensity
hkl Observed” Calculated " Observed® ©  Calculated®

Cooe kB ohgs ?' 8.0 3.5
110 }”?fii'"zs.hu}?ﬁiffgfff' 25.&9-;-f'j.3' 7.0, 2.5
| 111_"f;f;f§28.uuff%;gfﬁf£s_ 28.42 l'j'zlf'_f 1o.o . 10.0
ﬁf"112 J'?’ffi{<35'84ff_,, £ {11_35.92 "‘_éi-z‘h. s s

300 -1;7'f;‘gu.9é53guﬁf-: e ;'f' ' 9.0 3.

13 :';'~*,h6.02*1jw, w606 9.0 k3
ool .ff1 f 51.12 v* ;v7,"? 51.05 -_; ko 0.5

S i' 52.oé L5fTif, ~' 52;93 a:'é ‘  o T
L2200 e R - 25 > R o 0.3
221 55:524-;'_;Ej5> sl - 7. T 1.9
11k 1 - v”57.82 _'iﬂ¥} 7-1 57+ 90 .{ 4.0 o 0;5.
222 '~'. j 58.7é';;lthAv't'A58.80 f ;- k.o 0.k
223 v? a,. 66.22"-u{', 6630 s_ 1.0 L3
304 ) | | ‘70.30‘_ f ;", 70,32 f? 6.0 - l.2
ns) »1».A' i 7118 A 0.8

7120 1640 |

410 S T o . 0.3
u11 72.80 . f;:"  72.80 70 16
22k 620 76,14 J“‘- 30 0.2
412 " 76.80 ‘:' 6.9k %\ h 3.0 | 0.
006  80.50 . 8053 L 15 0.2
%30 g2.80 - 82.86 } 3.0 0.5
413 83.70 83.68 6.5 1.h

- 116 86.20 | 86.1k4 k.0 broad 0.2
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LR - TPt

‘ ‘:135' Tab1e'3,4(contihﬁed)‘t

Aéeﬂ(deg)- o ,.fi" Line Intensity

- Observed” i . Calculated” . Observed”  Calculated’

ouegeo i 0.8
Logguak L

gz’

A - 05
el ko o
gty 0 os
,‘?"-1'99.51; | | 5.5 R
Slaosak & Tz o3

JT;-’th.iB h;ifﬂf[{  3,00 o.b

',{ 0.
0.6

-{ 0.2
0.3

0.6

! 9718

- 9958
ﬂaif¥103.h81 i

L
W
o

T 204,18 _fﬁf

B T T

47 20538,

3‘1;06.583

~:/107.08." 0.3

?q,f,;10.78:3 . 7'110.83% 0.2

| 70118.08 4w 118,12 0.7

;'.f4118.58:%fﬁﬂf§‘ff -118;6Q" .“n'f,_ . 0.3
'afi120.98‘3"g:"T-1120.95 3 .;i;;.: 1.5 ' 0.3

' 121.56» ??” 51"121.59  "?;;4‘15.0 ' 0.3
122.36.;'*i' ]f“ 122.44 | vfél.;v' 3.oli~ S 0.5
oo apser SR 0.4

, 125.16 . - Lo B y.o '

125.44 0.1

N

' 125.83 ‘ 0.2.
L 125.9% B 2.0

126.00 : o 0.1
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Table 3.(contihued)

S 20 (deg) ___Line Intensity
' hkl Observed” Calculated® -  Observed®  Calculated®

52l o, 129.36 . 129.31 5.5 0.2

 %?: 524 @,  130.06 - o 129.92 ‘v' R 0.1

360, 135.06 - ;f> 135.10 o 0.6

i b3 o v.f'5139.76 f :;  "7139.71 ; 'i 3.5 0.5

CUUeL s8ay bo.e6T. . woTs L 5.0 - 0.6

' “" _ 308 o, ~1h1;66 N ff':: 141.53  %?,;:1°3.0 ; o 0.3

7 al-ja'; 1hh.56:1 3 }.:: k.61 "g .;f 6.0 1.1

RS ae"’.t 145.56 '~ifj 145,51 | -% 'j- b . 0.5

525 ay O 1hT.26 R ;f;f 7,36 sl P B
525 a, 1&8.36'i}:'7:‘. 14834 T h.o'.f"'~f_ 0.6

Tla, - 150.2h U 150433 - 6.0 g.;'Vlf 1.3

‘ 711'aé ['.151.hhi} i,, 15143 - '2 | n.o,“l-' 0.6

S Mk a, 157,74 :‘ :,157°67 ) ;]  :, 2.5 0.3
‘f;};ff.,’" :  M2 a; | 1159.8% 15979 | ,Ev, 3.0 0.6
ST n‘;'712 a, 161{uu B | 161.45 ‘,: 1.5 0.3

- 87 single reading of the powder pattern (26 readings are * 0.10°).
- Observed intensities are on a scale of 10 to O and may be 1n error due
to the presence of a second phase (orthorhombic BkF5).

Ppased on the trigbhal lattice parameters a, = 6.9899 A, cq = 7.1566 A
and A{a) = 1.54178 A, x(al)= 1.54051 A, and A(a2)= 1.54433 A,

Ccalculated using the POWD intensity program, -assuming the atomic
T coordinates of laF, 3 for those of BkF3, and scaled such that the most
ST intense. line had I”= 10.0. | -
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Table 4. Lattice parsgmeters and ionic radii derived from the lanthanide and
actinide trifluorides.

Trifluoride - Structure

Lattice Parameters (A)

Reference M3+ Ionic

e % B o Ra?é§jg)(A)
‘La LaF3~ - 7.186 ‘7 7.352' | 10 1.006
Ce LaF3 7.112 - 7.279 7 0.982
Pr LaF, © T.075 ~ 7.238 oo 0.968
NG LaFy  7.030 i f 7.200 - 10 £ 0.955
Pm 'LaF3 " 6.970 f{‘ {if T7.288 12 ‘j;o.9u5
Sm. YF, 6.669 ~ 7.059  k.ho5 4 ~0.921
Eu Yr,  6.622 - 7.019. k.3%6 . .k +0.909
Ga Y, _6.570' - 6.98h  h.393 B 0.900
Tb VYF3 | 6.513 - '6.949 ‘.u.38u5 | L :Vq.888
Dy Py 6.460  6.906 - b3t6 L 0.877
Ho YF3:_ 6.h0k - 6.875  4.379 b4 . Q.868
Er YF3 6.354 6.846 }4.380 ui ‘. vo.86o
T L 6.283_;” 6.811.  4..08 . L 110.855A
Yb YFy 6.216 6.786. u.u3u{ b E,O'le
‘Lu YF, 6.151 ".'f6;758 bL46T [;& 10.8:8
Ac LeFy 7.k 7.55 13 © 1,076
U Lary 7.8 | 7.348"’ 13 ©1.005
Np LeF 7.129 7.288 13 0.986
Pu LaF3 7.093 7.254 13 0.974
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‘Table 4. (Continued)

L) Trifluoride Structuré . Lattice Pafameters (a) - Reference M3f Tonic
Type o b ' Radius® (A)
%o % % : (CN=6)
re' . .
Am LeF 7.08k . 7 q.225 T 1 0.9%2
om Laf,  6.999 - . T.179 . 1k 0.946
Bk_ ’ ' LaF3 6.97 S 7.14 | This - 0.935
. ' Work
Bk YF, 6.70 7.09 Loy o 0.928-
cf YF3 - 6.653 7.041  h.395 6 | 0.915

' aCé.lcul_ated according to the following formula:
Jonic Radius ='(Weight - averaged M-F bond distence) - 1.33 - 0.11

1
where the fluoride ionic radius is taken to be 1.33 A 3 and the 9-fold to
6-fold coordination correction number is taken to be 0.11 A.~> o
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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-
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-
mission, 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.






