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microscopy (HREM). The [010] HREM images showed
that these t-inflated phases have a similar pentagonal
layer structure as Al;3Co4, but the edge length of the
pentagons is 72, T° and t* times larger, respectively, than
that in Al3Co4. This explains why these t-inflated
phases have about the same B angle (~108°) and b
representing a repeat unit of the stacking of these
pentagonal layers. The 12 pentagon (1.23 nm) consists of
six smaller pentagons (0.47 nm) existing in Al,3Coy, one
inverted and five of the same orientation as the t°
pentagon. Similarly, the > pentagon (2.00 nm) consists
of six T pentagons (0.76 nm), and the t* pentagon
(3.23 nm) of six 2 pentagons which in turn contain six
0.47 nm pentagons in each of them. The greater the
inflation, the larger the unit-cell parameters, and the
better the approximation of its structure to that of a
decagonal quasicrystal (DQC). In other words, a DQC is
considered to be the end member of this family of t-
inflated phases.

1. Introduction

In a study of the crystalline and quasicrystalline phases in
binary Al-Co alloys, Ma & Kuo (1992) found a primitive
as well as a C-centred monoclinic 12-Al;3Co, phase
whose a and ¢ parameters are about 12 times
[t=( + 5Y%)/2 =1.61803, which is the golden
number] greater than those in Al3Co4, but their b
parameter and B angle (~~108°) remain about the same.
These 12-Al;3Cos phases were found to coexist with the
Al-Co decagonal quasicrystal (DQC) which is periodic
along the tenfold axis but quasiperiodic in the plane
normal to this axis. Moreover, the binary Al-Co DQC
with the composition of Alj3Co, was a stable phase
between 1073 and 1173 K, and the crystalline 12-
Al;3Co, can transform to a DQC and vice versa by a
change of temperature (Ma & Kuo, 1994). The strong
diffraction spots in the [010] electron-diffraction pattern
(EDP) of 12-Al;3Co, form many pentagons and decagons
resembling the tenfold EDP of a DQC. It was suggested
that both 72-Al;3Cos and the Al-Co DQC consist
basically of the same pentagonal subunit inflated 7°
times from that in Al;3Co4, packed periodically in the
crystalline phases and aperiodically in the DQC. This
supposition was proved in this study by high-resolution
electron microscopy (HREM) since the Co atoms can be
imaged as bright points forming pentagons (edge length
047 and 1.23 nm) and the arrangement of these
pentagons can be studied in detail. Such a study has
also been extended to two new monoclinic phases with a
and ¢ parameters about T and t* times, respectively,
greater than those in Al;3Co4. The pentagon subunits in
the 73-Al;3Co, phase are also of two sizes, 0.76 and
2.00 nm, and those in the *-Al;3Co, phase are 1.23 and
3.23 nm, respectively. It is of interest to note that the
edge lengths of pentagons, 0.47, 0.76, 1.23, 2.00 and
3.23 nm, are approximately in rt-inflated ratios,

1:7:7%:7°: 1. These numbers are not only geo-
metric but also additive, ie. =1+ 1, ' =12 + 1,
etc.

The t2-inflation can best be understood with a
description of the pentagram, Fig. 1. Extending the
edges of a unit pentagon ABCDE, a pentagonal star with
apicies at F, G, H, I, J results. Since the length of a
diagonal, e.g. AC, of this unit pentagon is T and CH =
AC, line JH is divided into three irrational segments with
length ratios t:1:t. Connecting these apicies, a large,
inverted pentagon FGHIJ will result, and its edge length
HI = HD = 1 + t = 72. Within this t?-inflated pentagon
FGHLJ, there are one small, inverted pentagon ABCDE
at the centre and another five small pentagons surround-
ing the central one. In addition, there are five isosceles
triangles or rather five halves of 36° rhombi (drawn in
dotted lines). If such inflation continues, a t*-inflated
pentagon appears, as shown in Fig. 1. Conversely, the
unit pentagon ABCDE can also deflate, and an inverted
pentagon with an edge length of T=2 appears at its centre,
Fig. 1. Thus, it becomes clear that this tinflation/
deflation process can repeat infinitely.

The structures of Al;3Co, and Al,;Fe, are basically
the same. Owing to the loss of the inversion centre, the
space group changes from C2/m in Al;Fe, (Black,
1955a) to Cm in Al;3Co, (Hudd & Taylor, 1962). These
two monoclinic Al;;M, (8 >~ 108°) phases have a
pentagonal layer structure. In the (010) layer at y =0
and %, the M atoms form a network of pentagons and 36°
rhombi with an edge length of 0.47 nm, see the solid
circles in Fig. 2(a). The diagonal of a pentagon is about
0.47t = 0.76 nm. As shown in Fig. 2(a), the parameter a
roughly equals two diagonals, i.e. 1.52 nm, and the
parameter ¢ is equal to one edge plus one diagonal, i.e.
1.23 nm. These values compare favourably with the
experimentally determined lattice parameters of Al;3Coq,
a=1.5183 and ¢ = 1.2340 nm (see Table 1). The M
atoms in the puckered layers at about y =~ % and 41 fall at
the centres of these pentagons (shown as open circles in

Fig. 1 A pentagram showing the 72 inflation/deflation of pentagons. The
separations between vertices on a line are in l:t:t%:7* : .. irrational
ratios. Within the r2-inflated pentagon FGHLJ, there are one inverted
small pentagon ABCDE at the centre and five more surrounding it
(drawn in dotted lines).
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two consecutive Fibonacci numbers as an approximant
for the irrational t in the quasicrystals (Zhang & Kuo,
1990; Kuo, 1993). Therefore, these crystalline phases are
called approximants of a decagonal quasicrystal.
Pentagons also exist in hexagonal crystals, such as the
u-AluMn phase (Shoemaker, 1993), and this had been
discussed together with the structural model of the Al-
Mn decagonal quasicrystal.
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Abstract

The crystal structure of K;[FeCl;(H,0)] was exam-
ined at 15K and ambient pressure (1 bar = 0.1 MPa)
and at 15K and 0.14 GPa (1.4kbar) by single-crystal
time-of-flight neutron diffraction in order to search for
structural changes coincident with the discontinuity in
the slope of the spin-flop transition field (Hsg) ver-
sus pressure at 60 MPa. It is found that intramolecular
and hydrogen-bond distances and angles are statisti-
cally equivalent at the two pressures. However, there
are significant changes of as much as 0.049(3)A in
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the intramolecular Cl. - -Cl distances which may affect
the Fe—Cl. - -Cl—Fe superexchange pathways and the
discontinuity in Hsg. Dipotassium aquapentachlorofer-
rate(ITIl), M, = 329.3, F(000) = 636, orthorhombic,
Pnma, Z = 4. At 15K and ambient pressure (0.1 MPa),
a = 13452(5), b = 9.631(2), c = 7.003(2)A, V =
907.3(5) A%, D, = 241 gem™. At 15K and 0.14 GPa,
a =13391(4), b = 9.648(2), c = 6.942(2)A, V =
896.9 (4) A3, D, = 2.44 g cm™. The a and c axes decrease
slightly, whereas the b axis increases slightly, under
applied pressure.

Introduction

The series of compounds A;[FeXs(H,0)] (A = K, Rb,
Cs, and NH;; X = Cl and Br) have been extensively
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