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Abstract

X-ray studies of zinc and nickel perchlorate hexahydrate,
Zn(Cl0,4),.6H,0 and Ni(ClO,),.6H,0, respectively, at
different temperatures have been carried out to correlate
the structural changes with phase transitions in the
compounds. The crystals are pseudohexagonal (P63mc),
exhibiting a three-component orthorhombic twinning
(Pmn2)). At high temperatures a slight deviation of the
bla ratio of the three twinned orthorhombic cells from
312 results in a three-component splitting of each spot
in the X-ray photograph, which on cooling to room
temperature coalesce into single ones, thus restoring
the original b/a ratio. The diffuse streaks disappear
in the high-temperature photographs due to a decrease
in the probability of error in repetition along the b
axes of the three orthorhombic cells with tempera-
ture. A successful refinement of the heat-treated ordered
Zn(ClO4),.6H,0 crystal verifies the continuous perchlo-
rate-water arrangement and three-component twinning
of the orthorhombic cell. Low-temperature X-ray pho-
tographs indicate no structural change.

1. Introduction

Zn(Cl0O4),.6H,0 and Ni(ClO4),.6H,0 belong to a series
of isostructural compounds with the general formula
M'"(C10,),.6H,0, M!' = Mg, Mn, Fe, Co, Ni, Zn. Anom-
alies in the temperature variation of different physical
properties in zinc and nickel perchlorate hexahydrates
observed during EPR, IR, adiabatic calorimetry and
magnetic susceptibility measurements Jain & Upreti,
1978, 1980, 1982; Sartorelli, Isotani, Ochi, Samo &
Piccini, 1978; White & Falk, 1-36; Rachwalska &
Stanek, 1978; Chaudhuri, 1974) are ascribed to phase
transitions occuring in the following sequences.

Zn(Cl04),.6H,0
Phase I3MPhase IIZMPhase IHZM Kphase IV
(RT)
Ni(ClO,4),.6H,0
Phase I3MPhase IPMPhase IIIZMPhase v,
(RT)
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where RT indicates room temperature (~ 300 K).

The mechanisms of phase transitions in
Zn(Cl0,4),.6H,O and Ni(ClO4),.6H,O have been
attributed to the structural changes at the transition
points. For a proper understanding of the phenomena,
knowledge of the crystal structures of the compounds
at relevant temperatures, the nature of disorder in
the metal-atom distribution, twinning and errors in
repetition of the twin components are of fundamental
importance.

X-ray studies of this series of compounds (West,
1935) and the corresponding zinc isomorph (Ghosh
& Ray, 1977) at room temperature revealed that the
arrangement of perchlorate tetrahedra and water octa-
hedra were identical to that of LiClO4.3H,O (West,
1934), with space group P6imc, Z = 2. The two Li
atoms at (0,0,7) and 0,0,2) occupy the centers of water
octahedra, which form columns along the sixfold axis
(Fig. 1). With the available sites being double the number
of M ions in M"(Cl0,),.6H,0, the metal atoms lie at
z= % and z = % respectively, in alternate rows parallel
to any one of the three equivalent axial directions [100],
[010] and [110]. Consequently, the symmetry reduces to
Pmn2, with an orthorhombic cell of dimensions a = a,,
b = 3"2g; and ¢ = ¢, (subscript h refers to the hexagonal
cell of the trihydrate structure). Since the a axis may be

(z=1/4 and 3/4)

Fig. 1. Four unit cells of the lithium perchlorate trihydrate structure
projected along ¢. The three orientations of the orthorhombic cell
are shown by three different dotted lines.
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these three groups of reflections were derived using the
matrices

OO
O — -
==
O = —
OO
—_ o O
ot~
S — —
-_0 O

Since for the space group Pmn2, the origin is taken
on the 2, axis which lies half-way between the two 6,
axes in its supergroup P63mc, the Zn atom was placed
at (%, i, %) and its symmetry-equivalent position (%, %,
%). Isotropic refinement for the above three sets of data
converged to R, = 0.070, 0.071 and 0.070, respectively.
Thus, the distribution of metal atoms resulting in three
orthorhombic twin components of the crystal, in spite of
a continuous perchlorate—water arrangement, was veri-
fied. Repetition of similar analysis with the Ni isomorph
was considered unnecessary.

2.5. X-ray studies of low-temperature phases of
Zn(Cl04),.6H,0 and Ni(ClO4),.6H,0

Low-temperature X-ray diffraction studies of the heat-
treated ordered Zn(ClO4),.6H,0 and Ni(ClO4),.6H,0
were undertaken to detect any possible structural change
related to the reported phase transition. A similar study
on the ordered Fe(ClO4),.6H,O isomorph indicating
phase transitions was reported by Ghosh & Ray (1981).
In the present work the low temperatures were attained
by flowing cool nitrogen gas over the sample crystals.
An accurate temperature was ascertained by placing a
thermocouple near the crystal.

Fig. 6. An ORTEPII (Johnson, 1976) view (50% probability level) of
the molecule.
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Oscillation and Weissenberg photographs of the zinc
isomorph were recorded at ~273 and ~203 K (reported
transition points 290 and 209.8 K, respectively) and
the corresponding photographs of the nickel isomorph
were obtained at 223 K (reported transiton point 245 K).
Repeated experiments with both crystals failed to detect
any phase transition, suggesting that possible changes
in the structures at the reported transition temperatures
were very subtle, involving no change in symmetry or
in the perchlorate-water continuity. The IR study of the
zinc isomorph (White & Falk, 1986) also did not reveal
any drastic change at low temperature.

3. Conclusions

Contrary to the proposed mechanism of high-
temperature phase transitions in Zn(ClOy4),.6H,0
and Ni(ClO,),.6H,0, involving perchlorate-water
disorder (Rachwalska & Stanek, 1978; White & Falk,
1986) the present single crystal structure analysis of the
heat-treated zinc crystal at ambient temperature showed
no unusually high thermal parameters of any atom,
indicating the absence of any disorder in the perchlorate
tetrahedra or the water octahedra. The inadequacy
of the symmetry-lowering hypothesis (Jain & Upreti,
1982; Chaudhuri, 1974) associated with the high-/low-
temperature phase transition in the compounds was
evident from the unchanged overall hexagonal nature
of the crystals exhibited in the X-ray photographs
throughout the range of temperature (365-203 K for
the zinc compound and 380-223 K for nickel). With
an increase in temperature the probability of error in
repetition along the b axis of the three orthorhombic
cells decreased and finally the streaking vanished
completely above the respective transition point. Thus,
in the ordered state the metal atoms are either at
(0,0,3) or (0,0,3). The three-component twinning of
the compounds at high temperature was a consequence
of a slight deviation of the b/a ratio from 3'? for the
orthorhombic cells. On cooling the crystals to room
temperature the b/a ratio regained its original value and
the ordering of the metal atoms was preserved.
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