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Neutron Diffraction Study of B-Uranium Pentafluoride between 77

and 403 K
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The structure of 3-UF; has been refined by neutron powder profile analyses at 77, 293, 348, and 403 K.
The structure is relatively temperature insensitive within this range and at 403 K there is a slow
conversion to o-UF;. The coordination polyhedron may be described as either a square antiprism or a
dodecahedron, the former polyhedron giving the better fit with the observed atomic positions.

1. Introduction

In an X-ray powder study, Zachariasen
(1) found B-UF; to be tetragonal, space
group 142d, with a = 11.473, ¢ = 5.208 A,
and proposed fluorine coordinates based on
spatial considerations. In a later X-ray
study, Ryan et al. (2) corrected one of the
fluorine positions. In 8-UFs, the uranium
atom is 8-coordinate with a polyhedron
intermediate between a square antiprism
and a dodecahedron.

B-UF; transforms slowly to «-UF; at
about 403 K (3), and the «-UF; structure
has been reported to be 6-coordinate (4). It
was thought worthwhile to investigate the
B-UF; structure with the neutron powder
profile technique, between 77 K and the
transition temperature, to study tempera-
ture dependence of the structure, especially
near the transition where a major recon-
struction apparently occurs.

* To whom correspondence should be addressed.

2. Experimental and Structure Refinements

About 20 g of 3-UF; was prepared by
condensing excess UFg onto a slurry of
approximately 10 g of UF, in HF. The
mixture was stirred in a Kel-F tube for
several days at room temperature. The vol-
atile materials (excess UF; and HF) were
then removed under vacuum. The UF; was
transferred to another Kel-F tube in a dry
box, and the latter was then removed and
placed in a cryostat (5). The temperatures
above 293 K were obtained by using oil and
an immersion heater instead of liquid nitro-
gen in the cryostat. Neutron powder pat-
terns were collected at the 6HB diffractom-
eter on the AAEC materials testing reactor
HIFAR, with the elastic diffraction tech-
nique (6), to 26 = 70° with A\ = 1.080 A.

Initial runs showed an unidentified impu-
rity with peaks at 26 = 27.5, 31, and 42°.
Prolonged pumping of the sample reduced
the impurity level, but it could not be
completely removed.
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FiG. 1 (a—d). Observed and calculated neutron powder profiles and their differences for 8-UF; at 77,
293, 348, and 403 K. The step interval is 0.1° 26, and the background levels are 500-800 counts.

Profile refinements were made with the
Rietveld computer program as modified by
Hewat (7) with (U) = 8.5 fm and b(F) =
5.6 fm. As the Kel-F peak obscured the
low-angle region, the data above 26 = 2(°
were used. Preferred orientation and asym-
metry corrections were not necessary. The
observed and calculated profiles are given
in Figs. 1a to d. The difference plots show
that excluding the three regions reduced to
an acceptable level the influence of the
impurity. Below Fig. 1a is given the aver-
age of the residual impurity peaks for the
77, 293, and 348 K data. Their intensity
suggests an impurity level of about 5%. The
positional parameters at the various tem-
peratures are given in Table I and other
profile parameters in Table II.

3. Discussion

The profile refinements between 77 and
403 K are all consistent with the S-UF;

structure of Ryan et al. (2). The B-UF;
structure is shown to be insensitive to tem-
perature over this range; the changes in the
unit cell dimensions and the positional pa-
rameters in Tables I and II are quite small.
The difference plot for the 403 K refinement
shows additional lines beginning to appear
which are due to the slow formation of o-
UF; (these also cause an increase in the R
factor for the 403 K refinement). As the 403
K pattern was collected over 2 days, it is
evident that complete transformation to a-
UF;s would take a long time. The transfor-
mation temperature is not sharply defined
and the transformation is sluggish and re-
constructive (9).

Ryan et al. (2) suggest the 8-coordinate
polyhedron in B-UF; is intermediate be-
tween a square antiprism and a dodecahe-
dron. Ideal square antiprisms and dodeca-
hedra were fitted to the neutron coordinates
with a computer program (10). The equian-
gular square antiprism fitted in 16 orienta-



139

NEUTRON DIFFRACTION g-UF;

‘(£) "Jo Ul PaUYIp dIe SULIA} J9YIQ "9 SIIIIP Ul OJIZ JUSWIRIISUL 3Y) ST Z ‘M + § UBl A + §;UR] /] = ;i dIaym ‘s1aawered
() mpm-grey 318 M ‘A 1 d — N)/CLE/1) — M = [enpisay B4R/ (@ — N)) X001 = (Pa10adxd)y (% /(PA(2/1) ~ NI X001 = ¥ »

£y
(191 16 ©)ey— ®¢L @sLr's  (©LLy'in v €L 00! 91l S 1€-6°0¢ ‘0°87—€£°9¢ €9-0T LL
LW 9y
Mot M ©ig- ©)1s  (080Ts (E)Ly1T 81 (] 601 9vl 9°1€~S0€ ‘£'87-€'9C Tk d €67
SUS'1P
st s 9)6g— e ©Wurs i 0 9’8 9Ll 9Pl 91€-S0f ‘p'8T-€'97 0Lt 214
@6 a8 ®or— aDIL  @SIT’S  ($)69' 1T L't €6 91 B4 9 1€-L"0€ ‘$'8T-C'9 0L-02 {1414
2201 oMl 0401 (101 ) ) STeNPISAY  ,(PAdAdX)Y wd wared wm 92 ) oD
2 v suonoayal suo13al1 papnoxy aduey g7 dwa]

3o "ON

FUNLONYLS * N4 THL 40 SLNIWINIITY
ATI408J NOYLNAN N €0V ANV ‘§pg ‘€67 ‘LL AHL HOA SHALIWVHEVJ HLIAIM-JTVH ANV T13D LIN{] ANV ‘SHOLOVY ¥ ‘STIV13Q TVINIWNIAIXY

11 3749V1
(6£)9¢ 0DILSL (81)95¥1 (L2)9eLT~ 042.3:13 (1209891 0D16¢ (198 (@)Aey X

180 (Ca074Y w99L 9Q)LSHP1 ®M9LLT~ (28 3247 (8)7691 @wsot (8)098 LL
mrz (€1)96 (CY 7 ©)erp1 @WosLz~ (€1)Lsey 9oLt une (L)Es8 €67
et @126 @xoL (L)0sp1 ®NvLz~ ¥1)96cd (8)80L1 )97y (8)L¥8 8p€
(9, A ©OLL ©1)09L ©)osy1 @1o0LT— (3813347 anisgt (1Dépy aniss £0Y

Y) ((£)2) 201 ((©)3) 4601 (£))%,01 (D) %01 ({(DA)z,01 (DD K01 (%01 ()01 on

g [[elsA0 dway

viv( NOYLNAN N €0r ANV ‘§pf ‘€67 ‘LL THL WOUd SYFLIWVEV] TYNOILISOd
[47dVL



140 TAYLOR AND WAUGH

tions with an rms interbond angle error of 3.

0.37°, while the normalized dodecahedron
fitted in 8 ways with an rms error of 0.54°.
This confirms the earlier conclusion that
the polyhedron in 3-UF; may be described 5
in either way.

~
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