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The results of an investigation of Bi2Cu04 using x-ray and neutron powder diffraction, dc magne-
tometry, and electron-spin resonance are presented. Simultaneous refinement of the room-
temperature x-ray and neutron-diffraction data was used to obtain accurate cell parameters and
atomic positions. Neutron-diffraction data at 13 and 300 K show that the appropriate space group
is P4/ncc at both temperatures and reveal the appearance at the lower temperature of two magnetic

peaks, which can be indexed as (100) and (210) reflections. While they are clearly indicative of
long-range antiferromagnetic order, on the basis of these powder data alone one cannot determine
the moment direction. However, on the assumption that the moments lie along the c axis, the

copper magnetic moment is (0.56+0.04)pz. dc magnetometry was performed at temperatures from
1.66 to 400 K and fields ranging from 0.5 to 50 kOe. The magnetization showed no field saturation
even at 1.66 K and 45 kOe. The susceptibility showed a maximum near 50.4 K with a Curie tail ob-
served at low temperatures. Antiferromagnetic interactions dominated at all temperatures. The
magnetic behavior is like that of a three-dimensional antiferromagnetic system. ESR experiments
were done over the temperature range 4.3—300 K. For temperatures above 50 K, one broad line
with g =2.09 was observed. The resonance field shifted to higher values for T &37 K, with an
eventual splitting of the line below 15 K. These ESR signals can be associated with antiferromag-
netic resonance modes, consistent with an ordered antiferromagnetic phase.

I. INTRODUCTION

The discovery of the high-transition-temperature su-
perconductors' has led to a great deal of work on the
structure and magnetic properties of the oxocuprates. '

A number of the early studies used neutron diffraction to
study antiferromagnetic ordering in La2Cu04 and
oxygen-deficient nonsuperconducting YBa2Cu306+ ~.

More recently, magnetic susceptibility, electron paramag-
netic resonance and neutron-diffraction studies of related
oxocuprates have been reported. Evidence for antiferro-
magnetic ordering has been seen in neutron powder
diffraction studies of Y2BaCu05 and Y2Cuz05.
Currently, the class of oxocuprates with the formula
M2Cu04 (with M=rare earth), is being studied inten-
sively. For the rare-earth cuprates, it was found that the
structures adopted depended strongly on the size of the
rare-earth ion, as demonstrated by the so-called T, T',
and T* phase structures. These consist of three distinct
but structurally related phases whose formation is deter-
mined by the size of the rare-earth ions. ' The large
rare-earth ion La+, forms the T-phase structure with
corner-sharing Cu06 octahedra. The smaller rare-earth

ions tend to form the T' phase with corner-sharing Cu04
square planes. The T' phase, which contains half a unit
cell each of the T and T' phase structures, is formed
when a mixture of large and small rare-earth ions occupy
the now distinct M and M' sites. These contain corner-
sharing CuO~ square-planar pyramids.

One of the most interesting oxocuprates that has been
studied is Bi2Cu04. The replacement of bismuth for the
rare earths results in a radically different structure. Since
the ionic radius of Bi (1.31 A for eightfold coordina-
tion) is nearly identical to that for La+ (1.30 A for eight-
fold coordination), "one might have expected BizCu04 to
conform to the T-phase structure. However, the
difference between structures involving bismuth and lan-
thanum lies in the nature of the Bi—0 and La—0 bonds.
Bismuth forms strong covalent bonds with oxygen, re-
ducing its coordination to six, while the strongly ionic
character of La—0 bonds allows La+ to be ninefold
coordinated. Unlike many of the oxocuprates which
have bridging Cu-0-Cu or Cu-0-0-Cu units made up of
edge-sharing CuO„units arranged in planar arrays, the
copper ions in Bi2Cu04 are coordinated by square planes
of oxygen ions, which are in turn stacked above each oth-
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er in a staggered fashion, forming one-dimensional
copper-ion chains. The copper atoms are not bridged by
any intervening oxygen ions and the Cu-Cu distance is
2.9 A, only slightly larger than that in metallic copper.
This situation allows several possibilities for the exchange
interactions between the copper ions. These may include
exchange through orbital overlap as well as the superex-
change through the oxygen and/or bismuth ions. The
dependence of the magnetic susceptibility on temperature
shows a broad maximum, typical of low-dimensional an-
tiferromagnets, near 50 K. However, the origin of its
magnetic behavior is clouded somewhat by the
differences in the proposed structures for Bi2Cu04. ' '
The structural uncertainties and the possibility of antifer-
romagnetic ordering led us to undertake a joint x-ray and
neutron powder diffraction study of Bi2Cu04 to deter-
mine its crystal and magnetic structure, at both ambient
and low temperatures. Dc magnetometry was used to
track its magnetic response as a function of field and tem-
perature. Electron-spin resonance (ESR) was used to
probe the local electronic environments of the copper
ions. This combination of techniques provides both long-
and short-range descriptions of the magnetic structure of
Bi2Cu04.

II. RESULTS AND DISCUSSION

A. Synthesis

The Bi2Cu04 sample was prepared by standard powder
synthesis techniques. Stoichiometric amounts of Bi&03
and CuO were mixed, ground and pelletized, before bak-
ing. The pellets were baked at 780'C for approximately
50 hrs with several regrindings in between. The samples
were a metallic charcoal in appearance, but were a very
dark brown after grinding.

B. DiÃraction studies

X-ray diffraction patterns were taken on a Siemens
D500 I9-0 diffractometer, with Cu Ka radiation and
graphite monochromator, in a single 28 scan from 10' to
150' in 0.02' steps counting for 8 sec per step. Neutron
powder diffraction data were taken on the High Intensity
Powder Diffractometer (HIPD)' at the Manuel Lujan,
Jr. Neutron Scattering Center (LANSCE). For the latter,
approximately 20 g of Bi2Cu04, together with some He
exchange gas, filled a 3/g in. dia. thin-walled vanadium
sample tube. The sample tube was mounted on a Displex
He refrigerator and its temperature was controlled with a
Lakeshore Cryogenics temperature controller. The data
were collected in six detector banks (+153, +90, and
+40') at two sample temperatures (13 and 304 K) for ap-
proximately 8 and 6 hrs, respectively, at an average pro-
ton current of 58 pA.

The x-ray diffraction patterns indexed to the space
group P4/ncc given by Boivin et al. ' rather than the I4
space group reported by Arpe and Muller-Buschbaum. '

The latter space group failed to account for at least three
prominent diffraction peaks in the pattern. Subsequently,
we refined both the room- and low-temperature struc-
tures in the P4/ncc space group using the Rietveld
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FIG. 1. Part of the x-ray and neutron-diffraction data for
Bi,Cu04 at 304 K. Data shown by plus (+) marks in (a)
represent only data collected on the +153 detector bank of
HIPD while data shown in (b) were taken on a Siemens D500
x-ray diffractometer. The continuous line through both sets of
data is the calculated profile from Rietveld refinement. Tick
marks below the data indicate the positions for the allowed
reflections. Both Cu Kal and I(:a& positions are marked in the
x-ray pattern; the d spacings are computed from Eai. The
lower curve in each panel represents the difference between the
observed and calculated profiles.

refinement codes, Generalized Structure Analysis System
(osAS) developed by Larson and Von Dreele. ' For the
room-temperature data, we combined x-ray and neutron
data in the structural refinement' in order to constrain
the refinement more tightly and to refine the neutron
powder diffractometer constants to the lattice constants
determined from the well-known Cu Ku wavelength. '

For the structure at 13 K, we did not refine the neutron
diffractometer constants, but instead used the refined
values from the room-temperature refinement. Other-
wise, both refinements were done in the same way. We
began the structural refinements with the structure given
by Boivin et al. ' and then refined lattice constants,
atomic positions, anisotropic thermal parameters, profile
coefficients (which included anisotropic strain), absorp-
tion and preferred orientation. Portions of both the x-ray
and neutron data for Bi2Cu04 at 304 K, together with the
fit from the refined structure are shown in Fig. 1. The re-
sulting structural parameters are given in Table I. The
structure at both temperatures is similar to that reported
to Boivin et a1. ' This structure is illustrated in the Oak
Ridge Thermal Ellipsoid Plot Program QRTEp (Ref. 19)
plots shown in Figs. 2 and 3. The bond lengths of select-
ed bonds are shown in Table II ~

Below the peak in magnetic susceptibility, at 13 K, two
extra reflections were observed as can be seen in Fig. 4.
These can be indexed as (100) and (210), respectively, in
the tetragonal cell. These reflections are indicative of
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TABLE I. Refined structural parameters for BizCu04 at 13
and 304 K. Space group P4!nec. Atomic positions:
Bi(x,x ——', —') Cu ( —,—,z), and O{x,y, z).

a(A)
c(A)
V(A )

Bi

CU

0

Rwp /R exp

f
x

U33

f
z

Ul 1 U22

f

z

13 K

8.4993{5)
5.7962(3)
418.71(7)
1

0.91841(3)
0.19(1)
0.20(2)
1

0.077 65(13)
0.24(2)
0.50(3)
1.005(1)
0.049 66(5)
0.358 06(4)
—0.091 54(9)
0.46(2)
0.31(2)
0.46(2)
3.15/2. 28

304 K

8.5002{1)
5.8176(1)
420.34(1)
1

0.91870(4)
0.70(2)
0.73{3)
1

0.077 99(17)
0.53(3)
1.02(5)
1.006(2)
0.049 27(6)
0.357 96(6)
—0.091 52(13)
0.89(3)
0.58(3)
1.20(4)
4.75/2. 96

o 2
'Thermal parameters are in units of 100 A . Agreement factors
are in percent. The numbers in parentheses following refined
parameters represent one estimated standard deviation in the
last significant digit(s).

long-range antiferromagnetic order, in which the copper
atoms at [—,

'
—,
' z] and [—,

'
—,
' z + —,

' ] are polarized antiparallel
to the copper atoms at [—,

'
—,
' —z] and [—,

'
—,
'

—,
' —z] as shown

in Fig. 5. It is well known that, with powder data alone,
one can only determine the angle P between the fourfold
axis and the moment direction. In fact, with only l =0
reflections like the (100) and (210) that we observe, it is
not even possible to determine that angle. Neglecting the

FIG. 3. The vertical stacking of the Cu04 planes for three
unit cells along the c axis viewed perpendicular to the c axis;
here again, Bi and Cu are labeled only in the first layer, where
the 0 ions are again unlabeled. Lines connecting the Cu ions
have been drawn to accentuate the linear Cu chains. Thermal
ellipsoids are drawn as 97% probability surfaces.

and

I~OO=I300=16(2 sin p)

I2
& o

= 16(4 —2 sin P ) =2I &DO, (2)

form factor and the Debye-Wailer factor, the intensities
of the (100), (210), (300), and (002) (the longest d-spacing
reflection with 1%0) reflections are given by

IO02=16sin /sin (4n.z) . (3)
X. 1 Q

g+
The observed relative intensities of the (100) and (210)
reflections, after correction for the Lorentz factor and
magnetic form factor ' are in reasonable agreement with
these expressions. A similar analysis for the (300)

TABLE II. Bond distances for the constituents of Bi2Cu04 at
13 and 304 K.

13 K 304 K

FIG. 2. The view of the structure of Bi2Cu04 showing the
staggered Cu04 square-planar units and their coordination to
the Bi chains along the c axis. The box designates the unit cell;
all Bi and Cu ions are labeled, and unlabeled atoms are 0 ions.
Thermal ellipsoids are drawn as 97% probability surfaces.

Cu—0
Cu—Bi
Bi—0

CU—CU

Bi—Bi

(4x)
(2x)
(2x)
(2x)
(2x)
(2x)
(2x)

1.9364(4)
3.3151{3)
2.1276(5)
2.7585(4)
2.3294(5)
2.898 07(17)
3.4995(4)

1.9390(5)
3.3148{3)
2.1280(6)
2.7590(6)
2.3336(7)
2.908 82(2)
3.5045(5)

'The numbers in parentheses following the derived bond dis-
tances represent one estimated standard deviation in the last
significant digit.
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Bi2Cu04 was published by Attfield. His experiment was
performed on a new state-of-the-art reactor powder
diffractometer designed to take rapid sequential
diffraction patterns, whereas ours was performed on a rel-
atively simple high-intensity low-resolution powder
diffractometer at a pulsed spallation source. The conven-
tional wisdom is that such magnetic experiments are
better done at reactor sources. Nevertheless, Attfield was
only able to observe the same two reflections. He ana-
lyzed his data assuming that the moments are parallel to
the c-axis (i.e., that )=0). If we make the same assump-
tion, we obtain a moment of (0.56+0.04)IM& which is
consistent with his result. As far as we are aware, this is
the first time that magnetic ordering on the copper sub-
lattice has been observed in such an oxocuprate system
by means of neutron powder diffraction at a spallation
source. All one needs is a set of detectors at low scatter-
ing angles (40' in our case) so that the large d spacing
magnetic reflections become accessible.

FIG. 4. Comparison of portions of the neutron powder
diffraction patterns measured on the —40' detector bank for
Bi2Cu04 at 13 and 304 K. Panel (a) shows the normalized data
in the d spacing range 3.5-9.0 A taken at 13 K with the mag-
netic peaks at d spacings of 3.8 and 8.5 A, while panel (b) shows
the data taken at 304 K.

reflection shows that it is below the sensitivity of our
measurement. As for the (002) reflection, even in the
most favorable case when /=90' (which corresponds to
in-plane moments), its intensity is almost an order of
magnitude lower than that of the (210} reflection, which
is only just visible in our data. Given that it occurs at a
shorter d spacing and is coincident with a nuclear peak,
there is no prospect of extracting a value of P from our
data. Furthermore, the moment that one might extract
from our diffraction patterns is dependent on P: from
Eqs. (1) and (2)

C. Dc magnetization studies

The SQUID magnetometer used in this study has been
described elsewhere. The temperature and magnetic-
field range probed are 1.66 to 400 K and 0.5 to 45 kOe,
respectively. The magnetization of Bi2Cu04 responded
linearly with applied field strength, showing no field satu-
ration even at 1.66 K and 45 kOe. The molar susceptibil-
ity y increased upon cooling from 400 K, reaching a
broad maximum near 50 K (Tr ) and then decreases

~max

upon further cooling. Below 20 K, a Curie-like tail is evi-
dent, similar to earlier observations. A plot of yT
versus T is shown in Fig. 6. Note that yT (proportional
to the square of the average moment) does not level off
even at high temperatures. This indicates that the mag-
netic behavior of the copper ions in Bi2Cu04 near room
temperature is not strictly that of a set of isolated
paramagnetic ions. The effective magnetic moment per

IM ~2 —sin p . (4)
60

During the course of this work, a similar study of
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FIG. 5. The antiferromagnetic spin structure for Bi2CuO4.
Only the copper atoms are shown for simplicity.

FIG. 6. The variation of gT (proportional to p,&) with tem-
perature. The decrease as T~O is indicative of antiferromag-
netic interactions. Note that even at 400 K, it does not flatten
out, consistent with strong exchange between the copper ions.
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Xi(0)=&g &pg/4z I JApl . (5)
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FIG. 7. The variation of inverse magnetic susceptibility with

temperature at H=0. 5 kOe. The minimum near 50.4 K is very
close to the Neel point at 41.9 K. This feature shifts slightly to
higher temperatures with increasing field strength. The fact
that the high-temperature data extrapolates back to negative
temperatures indicates that antiferromagnetic interactions are
dominant at all temperatures.

copper ion in Bi2Cu04 was found to be (0.47+0.06)p~
and (1.50+0.08)p~ at 13 and 300 K, respectively. The
low-temperature result is comparable with the ordered
moment found from neutron scattering (see preceding
section). The room-temperature moment is very close to
those found for Cu(II) carboxylates, typically 1.4 p~ per
ion. The magnetic moments of simple Cu(II) compounds
generally lie in the range (1.73 —2.20)p~. Figure 7 shows
a plot of I /y versus T, indicating that antiferromagnetic
interactions are dominant at high as well as low tempera-
tures. Fitting the high-temperature data to the formula
y=C /(T +8) yields a large Weiss constant e of 229 K.
These combined results indicate that antiferromagnetic
interactions are dominant in this compound, with any
ferromagnetic interaction rather feeble. Attfield deter-
mined the Neel point Tz to be 41.9+0.5 K. This is con-
sistent with our neutron results showing ordering well
below that. The ratio of T~/T =0.83 which is ob-

Xmax

tained by combining Attfield s result and our susceptibili-
ty data, implies that Bi2Cu04 behaves nearly like a
three-dimensional Heisenberg antiferromagnet. This is in
accordance with an established empirical criterion for
determining the spatial dimensionality of a magnetic sys-
tem. It gives T~/Tr . (1) )0.9 for three dimensional,

Xmax

(2) 0.25 to 0.5 for two dimensional, and (3) (0.1 for good
one-dimensional systems. ' The fact that our ratio is
slightly lower than expected indicates a slight tendency
toward short-range ordering. To date, no high-
temperature series expansions are available for simulating
the magnetic behavior of three-dimensional Heisenberg
systems. An estimate for the effective antiferromagnetic
exchange parameter can be made, within the mean-field
approximation, from the relationship:

Taking the susceptibility maximum (3.11 X 10
emu/mol Oe) of our powder data as an approximation to
the susceptibility perpendicular to the easy axis of the an-
tiferromagnet at 0 K, and taking g~=2. 09 from ESR
data (where X is Avogadro's number, pz is a Bohr mag-
neton, and z is the number of nearest Cu neighbors), we

get

2z
l J „l

/k =264 K (6)

indicating an exchange integral typical of strong antifer-
romagnets. ' A comparison with earlier models will be
made in the following.

Attfield proposed a model in which the copper ions in
the compound were coupled with ferromagnetic intra-
chain and antiferromagnetic interchain exchanges. The
ferromagnetic and antiferromagnetic exchange parame-
ters derived from his neutron results were reported as
+ 190 and —90 K, respectively. These parameters imply
that the competing antiferromagnetic and ferromagnetic
interactions are comparable in size and this is incon-
sistent with our data, which indicate that the dominant
interactions are antiferromagnetic. Sreedhar and Gangu-
ly proposed a spin-Peierls transition as a possible mecha-
nism responsible for the observed temperature depen-
dence of the magnetic susceptibility, before it was known
that Bi2Cu04 ordered as found here and by Attfield.
Our neutron data, discussed above, showed no indica-
tions of dimerization for the copper ions down to 13 K.
The broad maximum in the susceptibility response to
temperature was not found to be very field sensitive, with

Tg,„=50.4 at 0.5 kOe and changing to 52 K at 45 kOe,
is a slight field enhancement. This behavior is consistent
with three-dimensional ordering, where the ordering tem-
perature is enhanced initially with increasing magnetic
field. The "ordering" temperature would be suppressed
with increasing magnetic-field strength in spin-Peierls
cases. '

Based on the crystal structure and assuming ionic
bonds between the atoms, one would expect a one-
dimensional chainlike magnetic behavior for Bi2Cu04.
The intrachain exchange interactions would be stronger
than those between chains, giving the compound a
moderate degree of magnetic anisotropy. However, it
was found to behave more like a three-dimensional sys-
tern. This indicates that the intrachain and interchain in-
teractions are of comparable magnitude. From crystal-
field theory, the unpaired electron in Cu+ should reside
in a d 2 2 orbital, as a result of the square-planar coor-

x —y
dination of copper by the oxygen ions. An eclipsed con-
formation of the Cu04 squares along the c axis favors an-

tiparallel alignment of the electrons, leading to antiferro-
magnetic interactions as observed in copper acetate.
Our x-ray and neutron-diffraction results conformed with
the P4/ncc space group, implying that the Cu04 planes
are staggered along the c axis. Hence in accordance with
Hund's rule, because of the orthogonality of the orbitals,
direct Cu-Cu coupling will be ferromagnetic. On the
contrary, it was found that the dominant interactions are
antiferromagnetic. The somewhat unexpected results of
three-dimensional exchange and the dominance of anti-
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ferromagnetic interactions can be explained by covalent
bonding in the structure. The energies of bismuth, oxy-
gen, and copper orbitals (Bi 6s, 0 2p, and Cu 3d) are of
comparable magnitude. Thus, the Bi—0 and Cu—0
bonds formed by the overlap of the oxygen lone pairs
with the metal orbitals are strongly covalent. These co-
valent bonds can form a three-dimensional network of su-
perexchange pathways. The unpaired electrons in the
copper orbitals, can be expected to be strongly correlated
antiferromagnetically in the x-y plane as well as along the
c axis through Cu-0-Bi-0-Cu networks.
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D. Electron spin resonance studies

ESR and antiferromagnetic resonance measurements
were made at X-band frequencies for temperatures rang-
ing from 4.3 to 300 K, and at Q-band frequencies at 300
K. The spectrometer and its cryogenic accessories have
also been described previously. From 300 K down to 50
K, we observed a single broad signal (ca 2200 G wide)
with a constant g value close to 2.09. This is similar to
that reported by Sreedhar and Ganguly. However, the
resonant field for the signal shifted toward higher values
upon further cooling. The evolution of the signal is
shown in Fig. 8 at selected temperatures. The resonant
field variation with temperature is plotted in Fig. 9. The

3000
100 200

FIG. 9. Evolution of the resonance signals with temperature
(solid lines only provide guides to the eye). Above 50 K, the sig-
nal is an exchange averaged paramagnetic signal. Below the
Neel point, the signal shifts to higher frequencies, tentatively as-
signed as the "low frequency" antiferromagnetic resonance
mode. The apparent splitting of the signal below 15 K is not
understood. The position of the lower resonance field is omitted
in the plot due to its large uncertainty resulting from overlap-
ping of the lines.

4K

11K

15K

27K

50K

6000

FIG. 8. Change of line shape for the resonance signals with
temperature. Note the complicated behavior below 15 K. Two
overlapped signals are evident at low temperatures.

shifting of the resonant fields below 40 K could be ex-
plained either by local fields due to three-dimensional or-
dering or the effect of correlation from short-ranged or-
dering. ' We favor the idea that three-dimensional order-
ing is responsible, as this also gives rise to antiferromag-
netic resonance. In general, antiferromagnetic resonance
modes for antiferromagnets possessing strong exchange
interactions and large magnetic anisotropy cannot be ob-
served using X-band frequencies. For a uniaxial antifer-
romagnet, the resonance fields for directions parallel and
perpendicular to the "easy" axis are given by

H„,=[(cooly) +2HzH„]'

and

H„,= [(eely ) 2HFH „]'—
respectively, where HE and H„are the exchange and an-
isotropy fields. The resonance field for the paramagnetic
signal is given by co/y. In any direction, antiferromag-
netic resonance can be observed only if the product of the
exchange field and the anisotropy field is not very large.
The fact that the Neel temperature is relatively high indi-
cates that HF is large (ca 10 G). The fact that we can
observe antiferromagnetic resonance thus implies that
H„must be very small (ca. a few Gauss). This small an-
isotropy is consistent with the compound's three-
dimensional bulk magnetic behavior, discussed above. A
similar combination of strong exchange with weak anisot-
ropy has been found in RbMnF3. The small exchange
anisotropy in RbMnF3 results from the half-filled d shell
in Mn+2, which has an orbital S ground state Cu(II) on.

the other hand, having a D orbital ground state, should
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be anisotropic. In Bi2Cu04 the strong crystal fields
around Cu+, resulting from its coordination by the oxy-
gen ions, may have quenched the orbital angular momen-
tum of its electrons leading to small single ion anisotropy.
From the temperature behavior of the signal, in compar-
ison with antiferromagnetic resonance studies reported
for systems well studied by others, we have arrived
at the following tentative assignments. The high-
temperature signal (T & 50 K), with constant g value of
2.09 (0„,=3200 G, is the exchange averaged paramag-
netic signal of the copper ions above the Neel point. This
signal should evolve into the high-frequency mode in a
narrow temperature range just above the Neel point,
which shows a shift to lower resonant fields. Unfor-
tunately, because of the roughness of our temperature in-
crements due to slight temperature fluctuations, we did
not observe this mode. Below the Neel point, the signal
should evolve into the low-frequency mode. The shift
to higher fields on cooling, with eventual onset of a pla-
teau, is consistent with the behavior of the low frequency
mode. The observation of two signals for temperatures
below 15 K (an apparent split) cannot be explained at this
time. Variable power experiments were performed at 5 K
in an attempt to determine the origin of the two signals.
With increasing power (up to 200 mW), the high field sig-
nal was not saturated. The low field signal seems to ex-
hibit interference effects, which are not yet understood
but may be similar to those observed earlier in another
system. No other signals were observed with fields up
to 17 kOe at X-band frequencies. Because of the presence
of strong antiferromagnetic interactions in this system,
higher frequencies may be needed to observe the other
modes. Further studies on the antiferromagnetic reso-
nance mode will be performed by measuring the orienta-
tional and temperature dependence of the resonant fields
in a single crystal, if and when one becomes available.

III. SUMMARY

In summary, we have confirmed that the space group
for Bi2Cu04 is P4/ncc rather than I4. We have refined

the structural parameters using both x-ray and neutron
data at room temperature, and using neutron data at 13
K. Our positional parameters are in agreement with
those of Attfield, with comparable or slightly higher
precision. The more highly constrained nature of the
simultaneous x-ray and neutron refinement of room-
temperature data is likely to give better values for all
structural parameters, such as lattice constants and both
positions and thermal parameters. We see two extra
peaks at low temperature in the neutron data that are in-
dicative of long-range antiferromagnetic order. This is
consistent with our susceptibility data which give a peak
at about 50 K and a Weiss constant of 229 K, indicating
that antiferromagnetic interactions dominate at all tem-
peratures. Our ESR measurements probe the local mag-
netic environment of the Cu ions. While the high-
temperature behavior is characteristic of paramagnetism,
with antiferromagnetic interactions, below 50 K there are
antiferromagnetic resonance modes. Both observations
are consistent with the onset of long-range antiferromag-
netic order at about 50 K, and Bi2Cu04 behaves like a
three-dimensional antiferromagnet with long-range mag-
netic order below this temperature. The behavior below
15 K is not well understood, but can probably be resolved
if and when single crystals of Bi2Cu04 become available.
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