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The solid-state phases formed by IF; have been investigated by powder neutron diffraction. These
measurements demonstrate that there are only three solid phases for this material at ambient pressure.
An apparent transition at around 180 K reported in earlier NMR studies is due to the presence of an
SiF, impurity whose melting point is close 1o this temperature. The structure of the intermediate phase
1I has been refined as a disordered model in space group 4 ham. Although the neutron diffraction study
is more sensitive to the fluorine atom distribution than earlier X-ray diffractioun studies, the high degree
of thermal motion in this phase prohibits a definitive assessment of the molecular geometry of IF;. This
must await the solution of the structure of phase I1I, which has been indexed as primitive orthorhom-
bic, with @ = 8.506 A, b = 8.821 A, and ¢ = 6.001 A. The space group is a subgroup of Abam. © 1993

Academic Press, Inc.

Introduction

The solid phases formed by IF; have
been investigated with powder neutron dif-
fraction. [F; is one of only two stable hepta-
coordinated AH; compounds, the other be-
ing ReF,. Interest in the solid phases stems
not only from a desire to characterize the
behavior of these unique compounds, but
also as a route for determining whether in
the molecular structures the fluorine atoms
adopt an ideal or distorted pentagonal bipy-
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ramidal arrangement. Since I[F; undergoes
several solid-state phase transitions, single
crystals of the lowest-temperature ordered
phase have been impossible to grow. Al-
though we have not yet been able to solve
the crystal structure of the lowest-tempera-
ture phase, our powder diffraction study
gives new insight into the solid-state behav-
ior of 1F;.

Burbank and Bensey (/) reported that
solid IF; is body-centered cubic (phase I)
between the meiting point (278 K) and 153
K, where it undergoes a transition to phase
Il which has an A-centered orthorhombic
cell. In the early sixties, based on the inter-
pretation of a single-crystal X-ray diffrac-
tion study, the molecular geometry of IF; in
this phase was a subject of debate between
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Burbank and Donohue (I-6). The former
proposed that the molecular structure was
distorted from Ds, symmetry with two
longer, neighboring 1-F bonds, whereas the
latter argued that the experimental data
available were not adequate to demonstrate
that the symmetry was different from Ds;,.
There had also been earlier doubt concern-
ing the symmeiry of the crystal structure
hinging on whether the molecules adopt a
disordered arrangement in the space group
Abam or an ordered one in the noncentro-
symmetric subgroup Aba2.

Weulersse er al. (7) investigated the be-
havior of IF; between the melting point and
56 K with F and **’I NMR and NQR. In
addition to the 1-1I cubic-to-orthorhombic
transition, they reported evidence for two
further solid-state transitions: a cubic-to-
cubic transition at 180 K plus a transition
from phase Il to the lowest-temperature
phase at 96 K.

The use of neutrons has a number of ad-
vantage for the investigation of the solid-
state phases of 1F;. Owing to its low ab-
sorption for neutrons, a bulk sample can be
easily handled in a silica-glass ampoule. In
addition, the fluorine atom has a similar

LETTERS TO THE EDITOR

scattering power to iodine (8) (b = 5.654
fm versus by = 5.28 fm), in contrast to ear-
lier X-ray studies where iodine is by far the
dominant scatterer. Finally, with powder
diffraction there are fewer problems associ-
ated with the breakup of single crystals in
passing through the various phase transi-
tions.

Experimental Procedure

IF; (about 25 g) was supplied by Spe-

. ciality Chemical Services (SPECS), The

Hague, The Netherlands, in a silica-glass
ampoule which was loaded into a standard
Institut Laue—Langevin (ILL) liquid-he-
lium-cooled orange cryostat (9). Diffraction
patterns with A = 2.52 A were collected on
the high-flux diffractometer D1B equipped
with a 400-wire position-sensitive detector
covering the 2#-range 5° to 85° with data
recorded every 2 min (Fig. 1). The sample
temperature was scanned repeatedly be-
tween 1.5 and 270 K, High-resolution dif-
fraction patterns of the various phases of
IF; were measured on the powder diffrac-
tometers DIA (with A = 2.99 and 1.909 A)

FiG. 1. The evolution of the diffraction pattern of 1F; on cooling, taken on DB with A = 2.52 A.
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and D2B (with A = 1.594 A) using a step
size of 0.05°.

Results

To ascertain the phase-change behavior,
the multidetector powder diffractometer
D1B has been used to study the evolution
of the diffraction pattern with temperature
(Fig. 1). At first glance, the four phases de-
tected by Weulersse et al. {7) seem to be
present: at high temperature, the body-cen-
tered cubic phase I is followed by the ap-
pearance of a few additional peaks at 180
K, where a small discontinuity in the fluo-
rine longitudinal relaxation time was ob-
served. At about 150 K the A-centered
orthorhombic phase II appears, and below
100 K the growth of further peaks is evi-
dent.

The reflections appearing at 180 K cannot
be indexed in conjunction with the ones
arising from the other phases. They can,
however, be indexed with the I[-centered
cubic cell of SiF, (/1) which melts at 183 K
or sublimes at 177.5 K (/], 12). Weulersse
et al. used pyrex tubes and we used silica-
glass ampoules as sample containers. Cata-
lytic amounts of water promote chain reac-
tions such as

2IF; + 2H,0 — 210F;s + 4HF
Si0; + 4HF — SiF,; + 2H,0,

resulting in the conversion of §i0, from the
sample holder to SiF,. Refinements of the
structure of the orthorhombic phase II at
120 K from the data collected on D2B (see
below) confirmed the presence of this impu-
rity by including SiF, (==0.7% by weight) as
a second phase. Thus at ambient pressure
IF; has only three solid-state phases.

The structure of phase 11 at 120 K was
refined from D2B data using the Rietveld
(13) program PROFIL (/4) with SiF; in-
cluded as a second phase. Several different
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models were investigated for this phase
which was refined in terms of (a) an ordered
IF; molecule, space group Aba2; (b) an IF;
molecule having orientational disorder,
space group Abam, and with unconstrained
thermal parameters for all atoms; and (c) as
for the latter, but with thermal parameters
constrained by TLS to a rigid-molecule de-
scription.

The best fit to the data is the uncon-
strained disordered model (b) and is shown
in Fig. 2. Final parameters are given in Ta-
ble I. From the plot of the thermal ellip-
soids, Fig. 3, it can be seen that the IF;
molecule is disordered; the equatorial fluo-
rine atoms form a toroidal distribution and
perform large-amplitude librations. The
large atomic-displacement parameters and
the poorer fit to the data with the TLS con-
straint is indicative of large vibrational mo-
tion leading to jump rotations and intramo-
lecular exchange of the fluorine atoms
consistent with the NMR and NQR results.
Large vibrational amplitudes of the fluorine
atoms have been observed in salts of IFg

TABLE 1

FINAL PARAMETERS FOR THE REFINEMENT OF THE
STRUCTURE OF Prase Il oF 1F; FroM NeuTroN Die-
FRACTION Data CoLLECTED oN D2B aT 120 K wiTH
A= 159 A

Site

Atom  symmetry X 14 Z Bliso} N
! g .2m 0 0 0 1.93(5) 4
F(} 84 .2 0 0 0.279(2) 0 4
F@ I6g 1 0063(1)  0.086(1) -0.260(1) 0 8
FI3y  16g 1 0.11296)  0.155066)  0.0742) 0 8
Fi4) 8 .m  0.168003) —0.1167(3) 0 0 8
Atom A Bl221 B33 AUL2L BRI B3I
F(y 26020 B(D) LI 09 0 o

B} 1) 980)  T86)  8HS) 556} 7.8
E3) 542 472 18 -2%D 525 —0.908)
Fi4) 33D 4s5) TS 1D ¢ 0

Noie, Space group Abam (No. 64}, u = B.6745(4) A, b = 38324} A.
c=6.14333) A. Z = 4, pey = 3.667 g em™>. Ry = 7.2%, Roxp = 2.60%,
Ri(IF7) = 6.6%, Ri(SiFy) = 8.5%.
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Fi1G. 2. Observed, calculated, and difference profiles for IF; phase II at 120 K measured on D2B with
A= 1.594 A,

FiG. 3. Ellipsoids of 50% probability showing the disorder and the large-amplitude librations of the
IF; molecule in phase II (/7). The equatorial Auorine atoms form a torroidal distribution of scattering
density perpendicular to the ab-plane containing the two axial (F{4)) fluorine atoms.
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and 1Fg (15). The average 1-F bond length
corrected for librational motion is 1.858 A,
in good agreement with the wvalue of
1.837(2) A determined by gas-phase elec-
tron diffraction (/6). The molecule appears
distorted from D;, symmetry. However,
despite the higher sensitivity available us-
ing neutrons in the determination of the flu-
orine scattering density, we do not feel that
the distortion from s, symmetry is proven
by this study. With such large-scale moiec-
ular motion, an accurate description of the
thermal parameters is hard to achieve, and
this difficulty can easily be translated into
crrors in the positional parameters. The de-
finitive solution must await the determina-
tion of the structure of phase 111.

We have made a significant step toward
achieving this goal. From data collected on
the powder neutron diffractometer DIA
(A =299 13.) at 1.5 K, the lowest-tempera-
ture phase of [F; has been indexed as primi-
tive orthorhombic with a = 8.506 A, b =
8.821 A, and ¢ = 6.001 A. The anisotropic
contraction of the unit cell and the decrease
in symmeltry are consistent with orienta-
tional ordering of the IF; molecules at the
transition. The space group is undoubtedly
a subgroup of Abam, but a solution has so
far proven elusive. Complementary infor-
mation from other techniques, such as mo-
lecular mechanics simulations or spectro-
scopic studies, may be beneficial in arriving
at a solution.
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