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The title compound exhibits a transition at about 745 K detectable by DSC and dielectric measure-
ments. The structure was determined at ambient temperature and above the transition. In both cases,
the cell is orthorhombic with a = 13.139(4), b = 10.413(6), ¢ = 9.239%(6) Aat295Kanda = 13.302(4),
b = 10.506(7), ¢ = 9.240(5) A at 795 K, Z = 4. The structures were refined in space group Pnmato R
values of 0.048 and 0.058 using 1472 and 1154 unique single-crystal reflections, respectively. The two
structures are very similar and can be described as a three-dimensional network of distorted BiO,
octahedra and PO, tetrahedra. At high temperature, one of the PO, tetrahedra is statistically disor-
dered over two positions related by the mirror. Below the transition temperature, ordering of this ion
leads to doubling of the ¢ parameter and formation of satellite reflections (h, &, [ + }). Extinction rules

indicate P2,ca as a possible supercell space group.

Introduction

Double orthophosphates of bivalent, tri-
valent, or quadrivalent cations with alkali
metals are promising materials in the field
of inorganic material technology. For in-
stance, (i) compounds of formula As;Ln
(PO,), [Ln = rare earth; A = Na, K, Rb,
Cs with structures related to the 8-K,SO,
type (I-3)] have possible applications as
hosts for laser materials, (ii) compounds of
formula A;M,(PO4); (M = Cr, Fe; A = Li,
Na, Ag) (4) and Na;.,Zn;_,L(POy); (L =
Cr, In, Yb) (5) having the Nasicon structure
are solid electrolytes, and (iii) ABPO,
phases (A = Na, K; B = Ca, Zn, Sr, Cd,
Ba, Pb) are ferroelectric materials (6). All
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these compounds exhibit one or more
phase transitions before melting.
Furthermore, it is well established that
ions such as Bi3* and Pb** often generate
distorted structures due to the electrostatic
effect of the lone pair of electrons. The
compounds formed by combination of such
ions with tetrahedral anions (VO4 or POy)
present interesting properties, for instance,
ferroelasticity in BiVO, (7-9) and Pb;(P,
V1-x04)2 (0 = x = 1) (10-15). Astonishingly
enough, no result on double phosphates of
bismuth and alkali metals has yet been pub-
lished, to our knowledge. During the inves-
tigation of the BiPO,~K;PO, system in air
(16), single phases for ratios 1:1 and 4:1
were characterized by X-ray diffraction.
Quenched K;Bi(PO,); has a hexagonal cell
[a = 5.677(3), ¢ = 7.432(7) A] of glaserite
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type similar to the high-temperature form of
Na:Ln(POy); (3). Slow cooling (5 K/hr)
yields monoclinic K;Bi(PO,); with a =
9.560(4), b = 5.650(2), ¢ = 7.457(3) A, and
B = 90.91(3)° which is related to the hexag-
onal form by a,, = a, X 3, b, = by, ¢ = Ch.
This monoclinic form is similar to the ma-
jority of arsenates and vanadates (/7) and
some phosphates (I, 2) of the rare earth
elements and potassium. On heating, the
transition between low- and high-tempera-
ture forms occurs at about 845 K. The X-
ray powder pattern of the compound with a
ratio of 4:1 can be indexed in a primitive
cubic unit cell with @ = 10.215(3) A but its
exact composition is not yet known.

In some experiments, extra X-ray dif-
fraction lines appeared on the powder pat-
terns for composition between 1 and 4. Mi-
croscopic examination of the material
shows some transparent single crystals ap-
parently suitable for X-ray studies and it
was decided to solve the structure and so
establish the composition of this phase.
Furthermore, this compound exhibits a
transition at about 745 K and the structure
was also determined above this transition,

Experimental

Preparation. Phosphate powder samples
were prepared from BiO; (Johnson Mat-
they), KH,PO, (Prolabo R.P.), (NH,),HPO,
(Fluka Puriss), and K,CO; (Johnson Mat-
they) according to the stoichiometries

(x/2)B1,0; + 3KH,PO,
+ (x — 2)(NH4),HPO, —
K;3Bi,(POg)y+x + 2(x — 2)NH;
+ (3x/2)H,0 forx=2 (1)

and
(x/2)Bi,0; + (1 + x)KH;PO,
+ (2 — 2K, CO;5 —
K;3Bi (POs) +x + (2 — 0)/2)CO;

+ (1 + Y)H,O forx=2. (2)
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Oxyphosphate powder samples were pre-
pared according to the stoichiometry (PbO
was purchased from Johnson Matthey)

2xPbO + (3 ~ x)/2)Bi,04
+ ((2 — 0/2)K,CO;5 + 3(NH,),HPO, —
K;-.Bi; Pb,(PO,);0 + (2 — x)/2)CO,
+ 6NH; + (92)H,0. (3)

Mixtures of the components were pre-
heated in gold crucibles at 575 K for 2 hr,
fired at 1125 K in air overnight, and
quenched.

Powder examination. Powder diffraction
patterns were obtained with a Guinier cam-
era. The radiation was monochromatic
CuKa (A = 1.5418 A), and KCl (a = 6.2931
A) was used as an internal standard.

Transition study. DSC and DTA analyses
were done with a 910 Differential Scanning
Calorimeter and a 1090B Thermal Analyzer
(Dupont Instruments). Dielectric measure-
ments were performed with a 2110 LRC
Video Bridge (Electro Scientific Indus-
tries).

Single-crystal measurements. The first
isolated single crystals had no preferred ori-
entation, so a nearly spherical crystal (R =
0.0087 cm) was directly examined on a Phil-
ips PW1100 diffractometer with MoK«
graphite monochromated radiation (A =
0.7107 A). The automatic peak hunting and
autoindexing procedures revealed an
orthorhombic unit cell. Equality of hkl, hkl,
hkl, and hkl intensities showed 2/mmm
Laue symmetry. The lattice parameters
were refined from 25 well-centered reflec-
tions: a = 13.1394), b = 10.413(6), ¢ =
9.239(6) A. A total of 4093 reflections with
2° =< @ = 30° were collected (—18 = h =< 18;
0=<k=14;0 =1 = 12), and corrected for
background, Lorentz, and polarization ef-
fects. Absorption corrections were applied
assuming a spherical crystal (Ryean = 0.0087
cm). Of the 4093 reflections measured, 2758
were considered significant from the crite-
rion I > 30(I) where o(I) is the standard
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deviation of the measured intensity. Aver-
aging of the equivalent reflections led to
1472 independent data which were used in
the structiire determination. Since we sus-
pected the presence of a double cell from
doubling of the ¢ parameter, the superstruc-
ture intensities (corresponding to / half inte-
ger) were also measured up to 8 = 30°. A
total of 1583 independent superstructure re-
flections satisfied the criterion I > 3o (I);
however, these are all very weak.

Since further experiments suggested a
phase transition, high-temperature single-
crystal measurements were considered.
The crystal was enclosed in a slightly nar-
rowed quartz capillary. The temperature
was slowly increased by using a heating de-
vice consisting of a gas blower which sup-
plies a temperature-regulated flow of air on
the crystal (AET, Grenoble, France). The
intensity of the highest superstructure re-
flection (12 1 3) was monitored during the
heating. At the transition, its diffracted in-
tensity suddenly dropped to zero. The tem-
perature of the air flow was then regulated
at about 50 K above the transition (745 K)
to prevent a return to the low-temperature
form during the intensity measurements.
The unit cell lengths are a = 13.302(4), b =
10.506(7), ¢ = 9.240(5) A.

The data collection parameters were the
same as those of the ambient temperature
experiments. Of the 4174 reflections mea-
sured, 2105 obeyed I > 3o0(I) and, after av-
eraging equivalent reflections, 1154 inde-
pendent data were obtained.

In all experiments, the intensities of three
standard reflections measured after every 2
hr showed no significant variation during
data collections.

Results and Discussion

Low-Temperature Subcell Structure
Determination

The systematic absences (0kl, k + [ = 2n
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+ 1; hk0, h = 2n + 1) indicated Pnma or
Pn2,a as possible space groups. Structure
solution and refinement were successful in
the centrosymmetric space group Pnma. In
this space group, the Patterson map was
readily interpreted by assuming that Bi at-
oms occupy one general position and a 4¢
position on a mirror plane. K and P coordi-
nates were deduced from subsequent re-
finements and difference synthesis. How-
ever, at this stage, K and P atoms could not
be distinguished and mean scattering fac-
tors were attributed to the positions. Ab-
sorption corrections were applied assuming
a spherical crystal (R = 0.0087 ¢m) and
K;3Biy(PO,)s (Z = 4) formula according to
site multiplicities and electric neutrality (u
= 412 cm™!). The following difference syn-
thesis revealed five oxygen atoms, four at
about 1.5 A from P(1) and the fifth at a dis-
tance of 2.3-2.7 A from the Bi atom. Re-
finement with correct scattering factors for
K and P and a subsequent difference syn-
thesis allowed location of eight maxima
around the P(2) atom; they were attributed
to oxygen atoms with half occupancy fac-
tors. Finally, a last difference synthesis
showed symmetric peaks on both sides of
the mirror in the vicinity of the P(2) atom;
splitting the corresponding position led to
the final results, R = 0.048 R,, = 0.054. An-
isotropic thermal vibrations were assigned
to Bi atoms and isotropic vibrations to
other atoms. A secondary extinction cor-
rection was introduced in the form F2,, =
FlLi(1 + SF%,), the final value of S being
213(9) x 107°. Refinement the space group
Pn2,a does not give a significant improve-
ment (R = 0.044; R, = 0.050) since the
number of refined parameters greatly in-
creases (100 instead of 66) (I8). Scattering
factors were taken from Ref. (19). The
anomalous dispersion corrections were
made according to Cromer and Liber-
man (20). The full matrix least-squares
refinements were peformed with a local
modification of ORFLS (21). A weight
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TABLE 1
ATOMIC COORDINATES AND (EQUIVALENT) ISOTROPIC THERMAL PARAMETERS

Occup. B or (B).,
Atom  Site factor X y z Ay
Bi(1) 8d 1 0.0834(1)° 0.0524(1) 0.1933(1) 1.8
0.0823(1) 0.0595(1) 0.1927(1) 2.8
Bi(2) 4c 1 0.0256(1) 1 0.5143(1) 1.4
0.0230(1) 1 0.5209(2) 2.5
K1) 4c 1 0.7673(3) 2 0.2036(5) 1.2(1)
0.7608(7) 3 0.2010(10)) 3.1(1)
KQ®) 4c 1 0.7997(5) i 0.1549(7) 2.4(1)
0.7961(8) i 0.1547(12) 4.5(2)
P 8d 1 0.3429(3) 0.0274(4) 0.0569(4) 1.2(1)
0.3445(5) 0.0242(6) 0.0627(7) 2.5(1)
PQ) 8d 0.5 0.0096(5) 0.7313(8) 0.0804(7) 1.3(14)
0.0109(8) 0.7422(41) 0.0733(12) 3.003)
o) 8d 1 0.346(1) —0.120(1) 0.069(2) 3.1(2)
0.353(2) —0.120(2) 0.077(3) 4.6(5)
0Q2) 8d 1 0.352(1) 0.067(1) -0.102(1) 2.8(2)
0.357(2) 0.063(3) —0.095(3) 6.2(6)
003) 8d 1 0.244(1) 0.081(1) 0.120(2) 3.02)
0.248(2) 0.073(2) 0.129(2) 4.7(5)
04) 8d 1 0.431(1) 0.086(1) 0.139(1) 2.6(2)
0.429(2) 0.092(2) 0.143(3) 5.0(5)
0(5) 4c 1 0.602(1) i 0.197Q2) 1.903)
0.598(2) b 0.205(3) 3.0(5)
0(6) 8d 0.5 0.031Q2) 0.832(3) —0.039(3) 2.7(4)
0.042(4) 0.855(5) —0.013(5) 4.9(10)
o) 84 0.5 ~0.075(2) 0.631(3) 0.038Q3) 2.54)
~0.080(5) 0.665(7) 0.016(8) 9.5(19)
0(8) 8d 0.5 0.1122) 0.656(3) 0.101(3) 2.6(4)
0.103(5) 0.64%(7) 0.081(7) 8.1(16)
0 8d 0.5 ~0.022(2) 0.800(2) 0.219(2) 1.8(4)
~0.021(4) 0.792(5) 0.222(5) 6.2(13)

2 First line = low-temperature results; second line = high-temperature results.

of unity was attributed to all reflec-
tions.!

Atomic coordinates and isotropic tem-
perature factors are reported in Table I.

! Lidts of the observed and calculated structure fac-
tors are available on request from the authors.

Anisotropic thermal parameters of Bi at-
oms are listed in Table II.

The X-ray results show the compound is
an oxyphosphate formulated as K,Bi;
(P0O,4),0 or K;O - 3BiPO,. The unit cell
parameters refined by means of powder
reflections confirm those found in
single-crystal study.
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TABLE II

REFINED ANISOTROPIC THERMAL COEFFICIENTS FOR
Bi Atoms (x 104 A%)a

Atom Uy Un Uss Un Usis Uy

Bi(l) 262(3) 186(3) 214(3) —13(2) —84(2) 18(2)
370(5) 348(4) 349(5) 17(5) —-60(4) -26(4)

Bi(2) 112(3) 203(3) 173(3) 0 4(3) 0
278(6) 323(7) 354(7) 0 6(6) 0

4 The anisotropic temperature factor is defined by exp[—2#?
(Unhta*? + - - - + 2Unklb*c?)).

Description and Discussion of
Low-Temperature Structure

The low-temperature structure of K;Bis
(POy4);0 can be described as a three-dimen-
sional network formed by distorted BiOg
octahedra and PO, tetrahedra (Figs. 1 and
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2). Potassium ions occupy vacant tunnels
created by this network.

The two PO, tetrahedra are dissimilar:
P(1)O, is nearly regular with P(1)-O dis-
tances ranging from 1.50 to 1.53 A (Table
III), while the P(2)O, tetrahedron is disor-
dered over two equivalent positions on
both sides of the mirror, the P(2)-O dis-
tances ranging from 1.52 to 1.59 A. Bi(2) is
surrounded by six oxygen atoms forming a
distorted octahedron characteristic of the
652 lone pair effect with three shorter dis-
tances (2.20 and 2.23 (2x) A) on one side
and three longer distances (2.53 and 2.54
(2x) A) on the other side.

The coordination around Bi(1) is depen-
dent on the P(2)O, tetrahedron chosen and
four different geometries can be obtained;
in each case, Bi(1)-O distances are compat-

JQ o PO

o /”—"’
\0 o \
O

F1G. 1. K;Bi3(PO,);0 structure projected on (001).
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ible with the values generally accepted;
consequently complete disorder and per-
fect long-distance ordering of the P(2)0,
tetrahedra are equally possible.

The K(1) atom is surrounded by seven
oxygen atoms at distances ranging from
2.69 to 2.91 A with an average value of 2.77
A; five oxygen atoms are around K(2) at
distances between 2.56 and 2.81 A (average
2.73 A); the coordination sphere is com-
pleted by four additional oxygen atoms at
3.08 (2%) and 3.12 (2x) A.

The oxygen, O(5), not involved in a phos-
phate group participates in the coordination
of both Bi(1) and Bi(2).

To decide between ordering or disorder-
ing of P(2)0O, ions, we have attempted syn-
theses of larger single crystals by melting

TABLE III

PriNciPaL DisTANCES (A) AND ANGLES (%) IN
K;Bi;(PO,),04b

Bi(1) Environment Bi(2) Environment

Bi(D-0" 242 Bi(z)-ou)"_} 2.221)
2.48(3) Bi(2)-0(1)"H 2.102)
Bi(1)-0(3) 2.24(1)
o 2290) Bi(z)-0(4)'-1'in} 2.54(1)
Bi(1)>-O(4){g 2.56(1) Bi(2)-0(4)t 2.57Q2)
2.513)
Bi(1)-O(S)igg 2.31(1) Bi(2)~0(5)to 2.2002)
] 2.22(1) 2.31(3)
Bi(1)-0(6)yyy  2.4003) Bi(2)~0(9gi; 2.52(2)
2.51(5) 2,42(5)
Bi(1)-0Mjiy ~ 2.290)
] 2.27)
Bi(1)-O(8)"! 2.36(3)
2.44(7

K(1) Environment K(2) Environment

K(l)—O(l)"f“} 2.702) K(2)~0(3)“[_} 2.822)
K(D-O(1)gh 2.75(3) K2)-03)™ 2.80(2)
K(l)—O(Z)','m} 2.64(1) K(2)-0(5) 2.63(1)
K()-0Q)ge)  2.7003) ) 2.6803)

_ KQ)-06)1, } 2.61(3)
K(l)—0(7)‘.m} 2.86(3) (K)-06)iy) 2.75(5)
K(1)-O(7){¢ 2.86(7) )

B K@-0@)j1 } 2.8103)
K(l)—O(s)g'!_q} 2.893) (K@)-08)ip) 2777
K(1)-O(8)"ii 3.10(7) )

) K(2)-0( 1)',’.,)} 3.13(2)
K10l  2.820) K(2)-0(1)gq 3.220)
K()-00)is)  2.945)

K(Z)—o«)“[_} 3.092)
K(2)-0(4)"" 3.0603)
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TABLE IlI—Continued

Phosphate ions Phosphate ions

P(1)-0O(1) 1.54(1) P(2)-0(6) 1.55(3)
1.52(2) 1.49(6)
P(1)-0(2) 1.53(1) P(2)-0(7) 1.57(3)
1.523) 1.55(T)
P(1)~0(3) 1.53(1) P(Q)-0(8) 1.573)
1.513) 1.57(7)
P(1)-0(4) 1.5 P(2)-0(9) 1.522)
1.523) 1.53(5)
Average 1.53 £ 0.01 Average 1.55 = 0.02
1.52 * 0.01 1.53 + 0.04
O()-P(1)-0Q2) 1) O(6)~P(2)-0(7) 114(4)
110(3) 117(8)
O()-P(1)-0(3) 111{Y) 0(6)-P(2)-O(8) 106(3)
1113 108(7)
O()-P()~04)  110(1) O(6)-P(2)-0(9) 109(3)
1123) 107(6)
OQ)-P(1)-0(3)  109(2) O(7)-P(2)-0O(8) 108(3)
1133) 107%(8)
O(2)-P(1)-0(4)  108(1) O(N-P(2)-0(9) 109(3)
105(3) 106(7)
O(3)-P(1)~04)  1082) 0(8)-P(2)-0(9) 112(3)
106(3) 1138)
Average 109 + 1 Average 110 = 3
1o+3 110 + 4
QO(5) Environment
O(S)-Bi(1)i } 2.31(1) Bi(HH_O(5)-Bi()*#  126(1)
O(5)-Bi(1)*# 2.22Q2) 128(1)
Bi(1_O(5)-Bi(2®  11(1)
O(5)-Bi(2)i 2.20(2) 110(1)
2.3103) Bi(1)-0(5)-K(2) 100(1)
O(5)-K(2) 2.63(2) 100(1)
2.6803) Bi(2)-O(5)-K(2)! 10%(1)
106(1)

@ The high-temperature distances are indicated below the low-temper-
ature values.

"A(n)',',,n represents atom A(n) to which the symmetry x has been
applied, followed by a translation pa + gb + rc. Symmetry code: (i) x, y,
LY, i+ -y - n@Wi-xd+y i+ ML+ vz
e, b -y, z;(vidd —x, v, b+ z; (ViiD b + x, ¥, 8 ~ 2.

K;Bi3(PO,);0 at 1225 K and slow cooling (5
K/hr). Oscillation and Weissenberg photo-
graphs of the well-formed crystals display
very weak supplementary reflections in-
volving ¢ parameter doubling. Unfortu-
nately these single crystals were not good
enough for diffractometer measurements
(the profiles of the reflections were system-
atically very bad). Measurements of the su-
perstructure reflections were carried out
using the former single crystal; unfortu-
nately, a structure refinement in the super-
cell was not possible (some temperature
factors become negative); this failure can
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Fi1G. 2. K,Bi;(PO,);0 structure projected on (010).

be attributed to stacking faults. However,
extinction conditions seem to indicate
space group P2ica.

The structure of K,Bi3(PO,);0 is similar
to that of Pb,Bi(PO,4);0 (22) but, in the lat-
ter compound, P(2)O, anions occupy only
one position: P(2) and two oxygen atoms
are on the mirror and the other two are re-
lated by the mirror.

In the case of K;Bi3(PO4);0 a transition
to such a situation is expected. Effectively,
DSC measurements exhibited a double
peak (Fig. 3); the transition proceeds in two
steps and begins at about 745 K. To study
the character of this transition, the single-
crystal structure determination above was
undertaken.

High-Temperature Structure

Extinction conditions indicated space
groups Pnma and Pn2,q. The high-tempera-

ture determination was carried in space
group Pnma by the same procedure as at
low temperature. The P(2) and oxygen at-
oms around P(2) are also distributed over
two positions with half occupancy factors.
Refinement results are reported in Tables I
and IL. The reliability factors are R = 0.058
and Ry, = 0.063; S = 55(9) x 107°.

There are no drastic differences between
low- and high-temperature atomic coordi-
nates. The P(2) atom is nearer the mirror

AHfexo}

[}
! - i i 5
“ 500 700 w0 i)
F1G. 3. DSC of K;Bi3(PO,);0 (AH scale in arbitrary
units).
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plane. Higher thermal motions are due to
the higher temperature of measurement.

There is no longer a supercell in the high-
temperature form, so it is necessary to as-
sume complete disorder of the P(2)O, tetra-
hedra. The transition is therefore of an
order—disorder type. Such a transition has
been observed in NH,Br (23): above 235 K
the structure is centrosymmetric with a dis-
order of NH; tetrahedra; below 235 K,
NHj tetrahedra are oriented in an antipar-
allel manner in adjoining cells and the unit
cell parameters must be doubled in two di-
rections.

It is also interesting to compare this com-
pound with [N(CH;3)4],CuBr; of the g-
K;,S0, type with isolated copper halide tet-
rahedra: at high temperature (T > 272 K)
the space group is Pnma and the tetrahedra
are probably disordered (24); between 237
and 242 K the compound is ferroelectric,
satellite reflections are observed at (k, k, [
+ 1), and from observed extinctions space
group Pca2, can be assigned (25); finally
between these two forms, incommensura-
ble reflections are observed at (k, k, [ * y).
Such an incommensurable phase is perhaps

£

ﬂl
70
60+
504
401 x2  1kH
301
5 k Hz
» 10 k Hz
20kHz
104
8bo 700 B0 1K

FiG. 4. Thermal variation of &, for a ceramic of
K;Bi;(PO,);0 at different frequencies.
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:F(,.C.cm‘z.K")

ol.

500 800 700 800 TIK)

FiG. 5. Thermal variation of the pyroelectric coeffi-
cient for a ceramic of K;Bi;(P0O,);0.

present between the two peaks observed by
DSC for the oxyphosphate.

Dielectric Properties

In view of these results, experiments
were undertaken to demonstrate ferroelec-
tric properties. Dielectric measurements
between 1 and 20 kHz showed two anoma-
lies in the dielectric constant (g/): a first
peak at about 735 K and a second which
appears at highest frequency at about 745 K
(Fig. 4) corresponding to the phase transi-
tions. A pyroelectric study was performed
by measurements of the depolarizing cur-
rent vs temperature of a ceramic previously
polarized by application of a 0.15-kV/cm di-
rect electric field near 730 K and cooled to
295 K. After short-circuiting at 295 K dur-
ing 15 hr, the sample was heated at 10 K/
min and the current was measured vs tem-
perature with a Keithley electrometer. A
pyroelectric current passed through a maxi-
mum near 750 K (Fig. 5). Reversing the
sense of the pyroelectric current results in
reverse polarization sense, so spontaneous
polarization is reversible. Unfortunately,
no hysteresis loop P = f(E) was observed.

To lower the transition temperatures, in-
termediate phases between Pb,Bi(PO4),0
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TABLE IV

INTERMEDIATE K,_,Pb,, Bi;_,(PO4);0 PHASES
x a(A) b (A) cd mEK
0 13.1394) 10.413(6) 9.239(6) 1264
0.5 13.183@) 10.3903) 9.265(3) 1231
1. 13.226(4) 10.385(3) 9.251(2) 1254
1.5 13.2723) 10.336(3) 9.251(2) 1284
2. 13.313(5) 10.284(3) 9.219(4) 1294¢

7 From Ref. (22).

and K;Bi;(PO4);0 which can be formulated
K,_.PbyBi;_(POs);0 were synthesized
(Table IV). In this table melting points are
also reported. For x = 0 and x = 2 there is
another transition before melting at 1216
and 1182 K, respectively. For intermediate
values of x only a melting peak was ob-
served by DTA. Unfortunately, DSC ex-
periments and dielectric measurements did
not reveal any transition.

The other two phases of the BiPO,-
K;PO, system obtained for the ratios 1:1
and 4: 1 are presently under further investi-
gation at low and high temperatures.
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