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High-pressure phase of copper(I) iodide

1 MAY 1995-I

M. Hofrnann, S. Hull, and D. A. Keen
ISIS Science Division (Diffraction), Rutherford Appleton Laboratory, Chilton, Didcot, Oxfordshire, OX11 OQX United Kingdom

(Received 1 February 1995)

The structural properties of copper(I) iodide have been investigated at pressures up to 40 GPa using the
angle-dispersive x-ray diffraction technique with an image-plate area detector. A previously unreported struc-
tural phase transition is observed in the region of 17.3 to 18.2 GPa, from the antilitharge structured phase
Cui-V (space group P4/nmm) to an orthorhornbic structure (space group Cmcm). The latter has been labeled
CuI-VIII and can be considered as a heavily distorted rocksalt arrangement, with the cation environment closer
to fivefold coordination than regular octahedral. No evidence was found for the rocksalt structured phase
observed at -12 GPa by previous workers.

At ambient conditions the three copper(I) halides CuC1,
CuBr, and CuI all possess the cubic zinc-blende structure
(space group F43m). They represent the end members of a

series of tetrahedrally coordinated semiconductors which
comprise the group IV elements and the III-V, II-VI, and
I-VII compounds. The bonding is purely covalent in the
group IV elements but becomes increasingly ionic with in-
creased separation of the constituent elements in the periodic
table. However, the copper(I) halides are still not purely
ionic, CuI having an ionicity of f; = 0.692 on the Phillips
scale. ' This is close to the critical value f, = 0.785 which
marks the boundary between compounds characterized by
fourfold coordination (zinc-blende structure) and those with
sixfold coordination (rocksalt).

Static compression favors transitions to more densely
packed structures, so the copper(I) halides might be expected
to transform from zinc-blende to rocksalt under hydrostatic
pressure. In a recent neutron diffraction study, CuC1 and
CuBr were found to adopt the rocksalt structure (space group
Fm3m) at pressures of 10.6(3) GPa and 7.4—9.3 GPa, respec-
tively, though the zinc-blende ~ rocksalt transition occurs
via several intermediate structures of lower symmetry. In
CuI, the zinc-blende phase (CuI-III) transforms to a rhombo-
hedral structure (CuI-IV) at 1.63(1)GPa (Ref. 3) and then to
a tetragonal phase (CuI-V) at 4.70(5) GPa. The latter struc-
ture is anti that of litharge (red Pbo) and is stable up to the
highest pressure possible in that study (9.69GPa). In an
earlier x-ray diffraction study, Meisalo and Kalliomaki sug-
gested that CuI adopts the rocksalt structure above
—10 GPa. However, their experimental data are limited to a
single diffraction measurement at 12GPa made at ambient
temperature after the sample had been heated to enhance the
kinetics of the transformation. Four rejections were ob-
served, of which only three are consistent with a rocksalt
structure with a = 5.15 A. This paper presents the results of
angle-dispersive x-ray diffraction measurements on CuI
which examine and clarify the structural behavior of CuI
above 10 GPa.

Commercially available CuI supplied by the Aldrich
Chemical Company, of stated purity 99.999%, was used in
this work. Finely ground material was loaded into diamond-
anvil cells of the Merrill-Bassett and Diacell design, which
allow diffraction data to be collected up to a maximum scat-
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FIG. 1. The compressibility of CuI plotted as reduced volume
(V/Vo) versus pressure. The symbols denote the various phases as
follows; 0 for CuI-III; for CuI-IV; "7 for CuI-V, and 4 for
CuI-VIII. Filled symbols are from this work and open symbols are
values from Refs. 2 and 3. The values next to each curve give the
bulk modulus of each phase in units of GPa.

tering angle 219 —40 . A 4:1 mixture of methanol:ethanol
was included as a pressure-transmitting medium and the
pressure measured using the ruby fluorescence method. The
experiments were performed on station 9.1 at the Synchro-
tron Radiation Source, Daresbury Laboratory using the re-
cently developed image plate setup, with an incident wave-
length X=0.4652(1) A. Two-dimensional powder diffraction
data collected on the image plates were read on a Molecular
Dynamics 400A PhosphorImager and then integrated to pro-
vide one-dimensional diffraction patterns with the PLATYPUS

program. Least-squares refinements of the diffraction data
were performed using the FULLPROF (Ref. 9) program.
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FIG. 2. Fit to the CuI profile col-
lected at 19.2GPa. The tick marks
show the positions of all reflections
allowed by symmetry (the first
twelve indexed reflections are la-
beled). The difference between the
observed and calculated pattern is
shown slightly enlarged in the
smaller box below.
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In this experiment only limited data were collected below
8 GPa because this pressure range was extensively investi-
gated in our previous neutron diffraction studies. ' The te-
tragonal antilitharge phase (Cul-V) was found to be stable

up to at least 18.2GPa. No evidence of significant struc-
tural changes associated with a phase transition to the
rocksalt phase found by Meisalo and Kalliomaki at
—10—12GPa could be detected. At 17.3GPa additional
rejections at 8.7', 9.8, and 10.4' were observed, in addition
to the Bragg rejections of CuI-V. Both phases coexist up to
-18.2 GPa but on increasing the pressure to 19.2 GPa all the
lines associated with CuI-V had disappeared, The sample
was then assumed to have completely transformed to the new
phase, which remained stable up to the highest pressure
achieved (-40 GPa).

Following the notation of Merrill, ' this new phase is la-
beled CuI-VIII, though the transition pressure and its diffrac-

tion pattern do not agree with those observed previously by
Meisalo and Kalliomaki. Instead, the diffraction lines of
phase CuI-VIII could be indexed using an orthorhombic unit
cell having a =5.35 A., b = 6.09 A., and c = 4.58 A.. Density
considerations indicate that the unit cell contains four CuI
formula units. The compressibility of phase VIII is shown in
Fig. 1 in the form of V/Vo versus pressure, where Vo is the
unit-cell volume per formula unit at ambient pressure. Using
the Birch equation" an estimate of Bo = 115(3)GPa is ob-
tained for the bulk modulus of CuI-VIII. The volume change
at the transition CuI-V~CuI-VIII is 2.3% calculated from a
dataset collected at a pressure of 17.7 GPa where both phases
are observed simultaneously.

The single-phase data collected at 19.2 GPa were used to
determine the structure of CuI-VIII. Systematic absences
were found for (hkl) reflections with h+k odd and for
(hOl) with l odd. With the assumption of site ordering in the

TABLE I. Results of least-squares refinements of the diffraction data for CuI. X-ray data are from this

study and previous neutron data (Ref. 2) are shown for comparison. Bc„and Bt are the cation and anion
isotropic thermal vibration parameters, respectively. The remaining symbols are described in the text.

Neutron

CUI-V

I'4lnmm

Cu in (n, 4,0), I in (L4~t)
X ray X ray

CuI-VIII
Cmcm

Cu in (O,yc„,4), I in (O,y„n)
X ray X ray

Pressure [GPa]
a [4]
b [4]
c [4]
Ycu

Zg

Bc„[~]
B,[A2]

5.55(2)
4.0229(3)

5.6506(8)

0.2913(4)
1.32(5)
0.75(3)

8.8(3)
3.9598(2)

5.5459(5)

0.2993(3)
2.27(9)
1.67(6)

16.7(2)
3.8539(8)

5.3551(13)

0.3095(5)
3.79(15)
1.71(7)

19.2(2)
5.3727(15)
6.1154(17)
4.6087(13)
0.6015(8)
0.191&(3)

1.84(10)
1.67(7)

30.8(3)
5.1896(23)
5.9263(28)
4.5435(21)
0.5999(15)
0.1839(6)

1.49(14)
1.21(10)
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FIG. 3. The crystal structure of the ohe orthorhombic Cmcm phase
of CuI-VIII. The smaller spheres correspondond to the copper ions.
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value 2. Such behavior is not observed. As shown in Fig. 4,
the most significant structural change with pressure in phase
VIII is the increased similarity between the second and third
nearest Cu+-I contacts and is a consequence of the rela-
tively low compressibility of the c axis.

The pressure-induced phase transitions in CuI are from
zinc-blende CuI-III (F43m) ~ rhombohedral CuI-IV
(R3m) —+ antilitharge CuI-V (P4/nmm) —+ orthorhombic
CuI-VIII (Cmcm). The crystal structures of phases CuI-III,
CuI-IV, and CuI-V can all be derived from an ideal cubic
close-packed anion sublattice, in which the cations are four-
fold coordinated but distributed in different ways over half
the tetrahedral sites. In the simplest terms, such a redistribu-
tion of the cations within an ideal cubic close-packed lattice
generates three structures with identical packing densities.
The volume reduction with increasing pressure arises from
increasing distortions in the anion sublattice through the se-
quence CuI-III ~ CuI-IV —+ CuI-V and has been discussed
in more detail elsewhere. The principal changes at the CuI-
V —+ CuI-VIII transition are a more significant distortion of
the anion sublattice leading to four different anion-anion dis-
tances and a change in the anion environment around the
cation from (distorted) tetrahedral to an irregular fivefold co-
ordination.

The structural properties of CuI above 10 GPa have been

clarified using image plate diffraction data from a synchro-
tron x-ray source. No evidence for an octahedrally coordi-
nated cubic rocksalt phase is observed up to —40 GPa. This
finding is contrary to previous x-ray diffraction studies on
CuI (Ref. 4) and to recent neutron diffraction studies which
indicate the presence of rocksalt structured phases in CuC1
and CuBr at —10 GPa. A previously unreported pressure-
induced phase transition is observed at 17.1GPa, from the
antilitharge phase CuI-V to phase VIII. The latter is found to
be orthorhombic with a heavily distorted rocksalt arrange-
ment in which the cation is in roughly fivefold coordination
to the anion sublattice. Previous diffraction studies to pres-
sures of —106Pa (Ref. 2) suggested that the structural
trends in the I-VII compounds were markedly different from
the more covalent II-VI systems. This observation does not
hold at higher pressures, since the crystal structure of CuI-
VIII appears similar to the recently observed high-pressure
structures of CdTe-IV (Ref. 12) and ZnTe-III. '
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