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BaCu,Si,O5: A guasi-one-dimensionalS=1/2 antiferromagnetic chain system
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The antiferromagneti¢dAF) compound BaCy5i,0; is studied by magnetic susceptibility and neutron-
scattering techniques. The observed behavior is dominated by the presence of loosely SeupR2dhains
with the intrachain AF exchange constaljt=24.1 meV. Long-range N ordering is observed beloWy
=9.2 K. The results are discussed within the framework of the mean-field RPA model for weakly interacting
guantum spin chain$S0163-18209)03433-3

I. INTRODUCTION slight modifications in atomic positions. This is demon-
strated by preliminary susceptibility results for BgGe,0-,

The amazing structural diversity of copper-oxide com-which, unlike the isomorphous Bag3i,O;, orders in a
pounds makes these materials very useful as model systermgak-ferromagnetic structure with a small net magnetization.
for fundamental studies of low-dimensional magnetism. In
most cases their unique properties result from the particular Il. EXPERIMENTAL

topologl_es %1; t_he corresponding spin networks formed by Polycrystalline samples of Bagsi,O, (or BaCuyGe,0,)
magnet|c c _1ons. E>§amp|e_s of ,SUCh networks are founOIWere prepared by conventional solid-state reaction method,
in CuGeQ (I|2n3ear chain: spln—Pele!ﬁ CaCuGeOs (iso- 5ing BaCQ, SO, (or GeQ), and CuO as starting materi-
lated  dimey,”* BaCuS}Oq . (two-dimensional bllaye)(; als. The polycrystalline rods were crushed to fine powder for
Sr,CuG; (rigid linear chain,” SrCyO; (two-leg laddey, neutron powder diffraction studies. Single crystals were
and SrCuQ (edge-shared double linear chafnetc. Mag-  grown using the floating-zone technique from a sintered
netic interactions in all these systems are determined by thgolycrystalline rod. In inelastic neutron-scattering experi-
microscopic spatial coordination of Euand &~ .2 The so- ments we utilized an as-grown single-crystal rod
called corner-sharing4 Cu-O-Cu=180°) and edge-sharing (5 mm diameteix 10 mm long). A small fragment cut to a
(£ Cu-O-Cu=90°) configurations have been extensively 3-mn? cube was used in single-crystal susceptibility mea-
studied. A far richer spectrum of properties is expected fromrsurement.
systems with intermediate bond angles, and the search for
realizations of such coupling geometries has become impor-
tant.

The rather poorly studied Bag®i,0; is a good example
of a zigzag chain network of corner-sharing Guélaquettes plaquettes
(Fig. 1) with intermediate values of Cu-O-Cu bond angles,
124°, The crystal structure is orthorhombic, space group
Pnma with the cell constants being=6.862(2) A, b
=13.178(1) A, andc=6.897(1) A® The spin chains run
along thec crystallographic axis. In the present paper we
report magnetic susceptibility measurements and inelastic
neutron-scattering experiments on this material. We find it to
be an excellent model of weakly coupled quant&m1/2
chains, exhibiting a crossover from one-dimensio(iD)
behavior at high temperatures to 3D behavior and long-range FiG. 1. A schematic view of the crystal structure of
antiferromagneti¢AF) (Neel) order at low temperatures. As BaCuSi,O,. Chains of corner-sharing CyGlaquettes run along
anticipated for a system with intermediate values of bondhe c crystallographic axis and are supported by a network of,SiO
angles, the magnetic properties are extremely sensitive tetrahedra.
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All magnetic susceptibility experiments were done with a

4 7 T T To T
commercial superconducting quantum interference device ___ |° BaCu,Si,0, polycrystal
magnetometer x-MAG7, Conductus Co., Ltdl.in the tem- R
perature range of 2—300 K. Neutron powder diffraction ex- E s
periments were carried out at the 400 cells CRG diffracto- g [3 ~ *, BaCuGe,, 1
meter D1B at Institut Laue LangevifGrenoble, Frande © ;‘3’4- 3* H=1000e 1
Single-crystal neutron-scattering studies were performed e A w2} + .
with the ISSP-PONTA triple-axis spectrometer at 5G beam 2 R sl s | -
hole at the Japan Research Reactor 3M at the Japan Atomic = e
Energy Research Institut@okai, Japan Pyrolytic graphite o R T
PG002 reflections were used in the monochromator and fot e O
analyzer. The collimation setup was’'é80'-40'-80', with a 8 i BaCu,Ge,O, polycrystal]
PG filter positioned after the sample. The final neutron en- 4 BF J=280 K. g=

. = ,0=2.2
ergy was fixed aE;=14.7 meV. The sample was mounted n (@)H=10kOg - BF J=540 K. g=1.6
in a standard “ILL Orange” cryostat with the (i) 0 — I? ; : i ,:g- )
reciprocal-space plane in the scattering plane of the spec- (b)H =1 kOe
tr;onrggtgr_,lzng the data were collected in the temperature 86 i BaCu,Si,0, single crystal-

E ——BF J=280K, g=2.5
lll. RESULTS E %Xc y BF J=280 K, g=2.2 1
! a
A. Magnetic susceptibility “"O 4 -

The temperature dependences of dc magnetic susceptibil- =
ity measured underH=10 kOe in BaCySi,0O; and Py . Pa— |
BaCu,Ge,0, are shown in Fig. @). The experimental curve a b 2 i o
for BaCwSi,O; shows a sharp peak arali§ K and a broad b= 54 _..!" Xp .
maximum around 150 K. The Bag$i,O, data were fit to o 2F %S EER e B
the theoretical Bonner-FishefBF) curve for a one- 9D e ~ Xa
dimensionalS=1/2 quantum antiferromagrgt(solid lines. (;3) - = 2 . . . 4
A Heisenberg exchange constaint 280 K (24.1 meV} was 0 5 T1?( 15 20
obtained from this analysi<. Note that the BF fit becomes 0 ) 1 ; ( ).
rather poor in the low-temperature region, suggesting the on- 0 100 200 300
set of three-dimensional spin correlations in this regime.

To identify the low-temperature ordered structure of Temperature (K)

BaCu,Si,O; below 9.2 K, the anisotropy of magnetic suscep- ) bility of pol i les of
tibility was studied in a single-crystal sample. The measured " 'C: 2- (8) Magnetic susceptibility of polycrystalline samples o

temperature dependences are shown in Fip). BSigns of &SR e SR SRR S e et
long-range Nel ordering are clearly seen. Below 9.2 K a '

: . . - shows an evolution of magnetization in BaG&,0,, measured in a
substantial drop is observed ., while both y, and xy, g !

. . . weak magnetic field of 100 Ogb) Magnetic susceptibility of
change little from 9.2 K down to 2 K. This clearly points to single-crystal BaCiSi,0, measured itH=1 kOe magnetic field

the presencg of antlferromag.netlc . Iong'-range order belov":{pplied along the principal axes. Solid and dotted lines are @.in
Ty=9.2 K with crystallographiac axis being the magnetic Thg jnset shows magnified curves aroufgl.

easy axis of the system. Note that B0 y. retains a

substantial nonzero value, suggesting a reduction of order%leo—z emulg is orders of magnitude less than 22.15
moment, presumably due to the 1D nature of the system. Aému/g, that one would obtain if all the &u spins were

expected, the one-dimensional character of paramagnetigisned ferromagnetically. The clear dominance-aiis an-

phase is observed in single crystals as well. The Suscemibih'ferromagnetism in the paramagnetic phase of B&&0,

ity shows broad maxima around 180 K along all the three,gqests that the spontaneous uniform moment below 8.5 K
crystallographic directions. Fitting these data to a BF curveis 4 result of a canted weak-ferromagnetic spin arrangement.
and assuming an anisotrogidactor, we obtairg,=2.5 and

Op=9c=2.2. . .
For BaCuGe,0, a BF analysigdashed line in Fig. @)] B. Neutron diffraction
of the highT part of the experimentg{(T) curve yieldsJ As a first step towards determining the magnetic structure

~540 K (46.5 meV, i.e., much larger than for BaG8i,O;.  of BaCuySi,O; we performed neutron powder diffraction ex-

In the low-temperature region the magnetic susceptibilitieperiments at 2 and 15 K, i.e., above and below theINe
of the two isomorphous compounds become qualitativeljtemperature. Subtraction of the powder scan data collected at
different. The drastic increase of magnetization inthese two temperatures did not reveal any sign of magnetic
BaCuGe,0,; observed below 8.5 K is attributed to the ap- Bragg reflections. This failure to observe any magnetic sig-
pearance of uniform spontaneous magnetization. This inral in the powder experiment can be attributed to a small
crease is particularly well seen in the low-field measurementalue of ordered moment and the fact that all magnetic re-
[Fig. 2@, insef. The saturation value of magnetization flections appear on top of strong nuclear pe@ee below;
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FIG. 4. Constant-energy scan measured Tat2 K in
BaCuSi,Oy, for energy transfer¢a) #w=10 meV along the0,

FIG. 3. Inset(a) Elastic #— 26 neutron scans through tfi@11) —1.5,) direction, andb) #:.w=5 meV along th€0, 0,1) direction.

Bragg reflection collected above and below the magnetic orderin&OIIOI lines are theoretical fits as described in the text.

temperature in BaGS$i,0;. (b) The corresponding magnetic con- _

tribution obtained by subtracting the data showiian Main panel:  Q=(0,0]) atZw=5 meV [Fig. 4b)]. Both data sets were

measured temperature dependence of(Bid) peak intensity. Be- collected afT=2 K, and transverse wave vectowas cho-

low Ty=9.2 K the magnetic Bragg peak emerges on top of thesen to optimize focusing conditions. Even in the 10-meV

(011 nuclear reflection. scan the two spin-wave branches are barely resolved. Unfor-

tunately, for higher energy transfers the magnetic signal was

not surprising for a structure with eight magnetic®Cions  too weak to be measured in the present experiment.

per unit cell, and are thus very difficult to detect. The spin-wave dispersion along theaxis was measured
Even in the subsequent single-crystal experiment, onhat T=2 K in constantQ scans at three reciprocal-space

BaCu,Si,O; could be obtained. Only one magnetic reﬂec—:(O 0.1) (5=(0 0.5.1) ancﬁ:(o 1.1.1). Clearly the trans-

tion, namely(011), could be reliably measured at low tem- . ;
peratures. Th€011) nuclearreflection is allowed by crystal ;ﬁ:ig tt;]aéngr\:\gs]tgﬁ sl vn\:heit:oh I(S;o\;]?i?r/nssn;ﬁél fgngﬁg:zgté? (;?F;Jin
symmetry, but its intensity is fortunately relatively weak. correlations in BaCiSi,O,. Even in the vicinity of the 3D

The inset(a) in Fig. 3 shows rocking curves of th@11) i 16011 th itati ;
Bragg peak measured abot@pen circle and below(solid magnetic zone centéd1l) the excitation energy appears 1o
extrapolate to a nonzero value, i.e., the spectrum has a gap

circles the magnetic transition temperature. The difference
between these two scans is shown in the irlegbdf Fig. 3. A(o11y~1.5 meVv.

The measured peak intensity is plotted against temperature in

the main panel of Fig. 3. The observed increase upon cooling IV. DISCUSSION

throughTy=9.2 K is attributed to long-range magnetic or- Al our experimental results point to that both

dering. Intensities of several other Bragg peaks, inc'“din%vaZSizQ and BaCuGe,O, should be considered as

(03D, (013, (051), (079), (053, and (035 were also mea- 54i-1D systems, dominated by strong intrachain antiferro-
sured as functions of temperature. However, the nuclear conyagnetic exchange interactions. Long-range ordering at low
tribution to thgse re_ﬂegtlons is much larger than that fortemperatures occurs owing to a much weaker interchain cou-
(011, and no intensity increase could be observed beyondjing The subtleties of the low-temperature magnetic struc-

the experimental error bars upon cooling throdgh tures and magnetic anisotropy, as well as the variations of
. . the intrachain coupling constadtin the two systems are
C. Inelastic scattering expected to be related to the details of the microscopic

Inelastic neutron-scattering studies of spin excitations irRtomic arrangement.
BaCuSi,O; were also performed. The rather steep spin-
wave dispersion along the chain axis was measured in two  A. Microscopic structure and magnetic interactions

constante scans near the 1D AF zone centéz(o, Rather remarkable is the drasta factor of 2 difference
—1.5]), at energy transferé =10 meV [Fig. 4@)] and in the intrachain AF exchange constants of the two isomor-
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200 @ 180°. The difference id is most likely due to a difference in
150 - g:(lfo n this crucial bonding angle: 124° in Bag3i,0; and 135° in
1 ” the Ge-based systefnindeed we know that a larger bond
100‘_ angle is more favorable for superexchange involving oxygen.
504 Subtle structural differences between the two systems are
1 also to be held responsible for the difference in the Tbw-
0 . behavior. In addition to single-ion anisotropy that manifests
200 itself in the anisotropy of the factor and the gap in the
] spin-wave spectrunsee discussion belowone should also
E 150'_ consider the possibility of Dzyaloshinskii-MoriydDM)
Y 100 asymmetric exchange interaction. The latter is allowed by
E T local Cu-site symmetry in BaG8i,0O; and BaCyGe0,,
3 50'_ and may be responsible for the weak ferromagnetism of
- e BaCuyGe,0O,;. The correlation between the microscopic
ol L 2 3 4 S5 6 7 structure and magnetic properties of BaSwO, and
] T=2K BaCuyGe,0; is indeed a very interesting problem. However,
150 0=0,1.1,1) at the present stage we do not have sufficient information
100_' required for a more detailed discussion of this subject, and
] suggest that further experiments, possibly using polarized
504 neutron diffraction, should be performed to clarify the mag-
0. @ . netic structures in the ordered state.
o 1 2 3 4 5 6 7
E (meV) B. Weakly coupled quantum spin chains
FIG. 5. Constan® scans measured in Bag8i,0; at T=2 K. Ignoring for now such subtleties as magnetic anisotropy,
(@ Q=(0,0.1),(b) Q=(0,0.5,1), andc) =(0,1.1,1). Solid lines  spjn canting in the ordered state and the possibility of DM
are single-mode approximation fits, as described in the text. interaction, we shall turn to discussing what makes the two

systems really valuable for our cause, namely the 1D quan-
phous systems BaG8i,O; and BaCyGe,0O;. The AF spin  tum antiferromagnetic aspect of their magnetic properties. In
chains in these species are formed by corner-sharing,CuQhe following sections we shall demonstrate that the ob-
plaquettes, and the main contribution to AF interactions isserved behavior of BaG8i,O, can be very well understood
expected to be the standard superexchange mechanism inithin the framework of existing theories for weakly coupled
volving the shared O sites. A single chain is visualized inS=1/2 AF chains. Particularly useful for describing such
Fig. 6(@). Only the Cu sites and the shared oxygen sites argystems are the chain-Mfnean field*>=** and the corre-
shown. The Ct" ions are almost perfectly lined up. How- sponding chain-RPA (random phase approximatijon
ever, the Cu-O-Cu bond angle is substantially smaller thamodels!*'® These approaches were previously shown to
work extremely well for a number of well-characterized
compounds(see for example Refs. 16,17, and references
therein.

1. A model Hamiltonian

Before we can apply these MF-RPA theories to our par-
ticular system, we have to construct a model spin Hamil-
tonian for BaCuySi,O;. A slight complication arises from a
non-Bravais arrangement of magnetic ions in the crystal. In-
deed, the fractional cell coordinates of Cuare (i) (0.25
—6,6,,0.75+6,), (i) (0.25+6,,—48,,0.25+45,), (iii)
(0.75-4,,0.5-6,,0.75-6,), (iv) (0.75+4,,0.5+6,,0.25
-48,), (v (0.75+48,,—6,,0.25-4,), (vi) (0.75
—6,6,,0.75-6,), (vii) (0.25+6,,0.5+6,,0.25+ §,), and
o (viii) (0.25-6,,0.5—6,,0.75+ 6,), where 6,=0.028, 5,

» =0.004, ands,=0.044. The shiftss, and &, present few
problems, as they do not disturb the equivalence of nearest-
(@) ) neighbor Cu-Cu bonds along tleeand c axes, respectively.

FIG. 6. A schematic representation of the magnetic ion arrangedy - On the other hand, leads to alternating nearest-neighbor
ment in BaCySi,O,. (8) A single Cu-O chain. Cu-O-Cu bond Cu-Cu distances along tleaxis. At present we shall ignore
angles are shown explicitlyb) Relative arrangement of individual this slight alternation, assuming,~0 and postulating
chains, projected onto theab) crystallographic plane. Interchain nearest-neighbor Cu-Cu bonds to be equivalent alongthe
interactions are characterized by two nearest-neighbor exchangaxis as well. The simplest nearest-neighbor Heisenberg
constants], andJ, . Hamiltonian can then be written as
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H= E Srn,n,p[‘]xsrn+1,n,p+JySﬂ,n+1,p+‘]sz,n,p+l]-

m,n,p
oY)

Herem, n, andp enumerate the spir,, , , along thea, b,
and c axes, respectively. As BaGsi,O; is clearly a
quasi-1D antiferromagned,,>0 and|J,|>[J,/,|J].

2. Reduction of ordered moment

One of the most important predictions of the chain-MF
model is the relation between ordering temperature, magni-
tude of interchain coupling, and saturation momentTat
—0. At the MF level the actual signs of magnetic interac-
tions are not important and these properties are determined
by the mean interchain coupling constafd, |=(|J,
|+|J¥z|1)/2' Schulz gives the relation betweem,, Ty, and
BHE

Ty

\J = 1
.| 1.28/In(5.80/Ty)

9.
My~ 1.017 T (3)

In our case of BaCi5i,0; the susceptibility data Ty

=0.793 meV and=24.1 meV givesmy=0.11ug. FIG. 7. Two simple collinear magnetic structures consistent
To test this theoretical prediction we have to determingVith the available data on Bag3i,0;, with ferromagnetidA) and

the spin structure in the ordered state. Unfortunately, wittntiferromagneti¢B) nearest-neighbor coupling along thexis.

only one measured magnetic reflection we can only speculate

on this. Let us consider an approximate collinear magnetic 1

state, with all spins strictly along001), as suggested by S(q,w)ocﬁ(w—wq), 4

x(T) measurements. The two simplest possible AF struc- W T g

tures(A and B) consistent with the presence of a substantial

(011 magnetic peak are shown in Figgayand 1b). We  wherew, is the lower bound of the continuum given by

can estimate the magnitude of saturation moment that would

be required in structures A and B to producé0dl) mag-

netic peak of measured intensity. Comparing the measured P :ZJ Isin(q)

magnetic intensity off011) to that of two strong nuclear a= 2"l d

reflections (020) and022), and making use of the known

room—temperatlire crystal structdfdor the saturated mo- andJ; is intrachain coupling constant. This type of behavior
mentmj, of Ci#* we getmo=0.16ug andmy=0.5%ug for  hag peen seen experimentally in a number of systems, in
structures A and B, respectively. A simple calculation Ofparticular KCuR (Refs. 16 and 19and CuGe@ (Ref. 20.
nuclear and magnetic structure factors indicates that a magys mentioned above, spin correlations weakly coupled
netic moment as large as 0/ would be easily detected in quantumS=1/2 spin chains are very well described by the

a powder experiment ah, k, I-odd positions. The lack of chain RPA modet*!5 As the system becomes ordered in
any clear magnetic signal in our powder data suggests that of

the two proposed structures only structure A can be realizefl'€€ dimensions, the spectrum develops a massi§an )

in BaCuySi,O,. For structure A the estimated ordered mo-that depends on the transverse momentum traiggfer The
ment is in rather good agreement with the predictions of Eqbandwidth of transverse dispersion is of the orderJof

(3). We shall thus use structure A as a working assumptiorT his is in striking contrast with classical spin-wave theory,
for the spin arrangement in Bagli,0;. For the Hamil- where the transverse bandwidth is proportionah/@J”.
tonian (1) to stabilize this type of ground state we will have The mass gap goes to zero only at the 3D magnetic zone
to assume the exchange interactions to be ferromagnetitenters, i.e., at the position of magnetic Bragg reflections. A
along thea axis (J,<0), and antiferromagnetic along the sharp single-magnon mode is the lowest-energy excitation
axis (J,>0). that is split off from the lower bound of the continuum. A

two-magnon continuum then starts aA@':)i). The disper-
sion of the magnon branch is given by

2

: ®)

3. Spin dynamics

As is well known, for anisolated antiferromagneticS
=1/2 chain the dynamic structur% factor can be described as ’
e o ! T oy o _ .
fi\otr\:vo spinon excitation continuur.To a good approxima (ﬁwQ)szJﬁsmz(Q”)+A2(QL). (6)
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For the interchain coupling geometry of KCuRequal orbit effect, namely the anisotropy of tlgefactor. The di-
nearest-neighbor ferromagnetic interactions alongatilead  mensionless mass gdpis given byA~6.175
b axeg the expression foA(Q,) has been derived in Ref. ) ) .
15. 4. Analysis of inelastic data
Near the bottom of 1D dispersion the single mode ap- In analyzing theb-axis dispersion measured in constgnt-
proximation (SMA) works very welt* and to a good ap- scans, we used the SMA given by E@), convoluted with
proximation the dynamic structure factort 0 is given by  the four-dimensional spectrometer resolution function. As
we do not have any data for the dispersion alongatlais,
to reduce the number of parameters we have assuded
=]J,/=J, . The relevant adjustable parameters for the fit
L . . were thus], , the anisotropy constai, responsible for the
Forfiw>[J,,|J,], on the other hand, it is more appropriate 4o 4t (011), and an intensity prefactor. The chain-axis ex-
to use Eq.(4) for isolated chains. change constant, only needed to take care of resolution ef-
The dynamic structure fact@(Q, ) for the non-Bravais fects in the line shape, was fixed to 19.8 mé&ée below.
spin lattice in BaCy5i,0; can be expressed through the dy- The fitting procedure givesl, =0.29(2) meV andD
namic structure fact(_go(é,w) of an equivalent system with = 1.59(4) meV. The resulting simulated scans are shown in
the same exchange constants and a Bravais spin lattice. TH@lid lines in Fig. 5. On the other hand, is estimated from
latter is obtained by setting,, d,, and &, to zero. It is  the susceptibility data using E(),™ which gives), = 0.27

- 1
S(Q,0)> = (0= wg). @

straightforward to show that meV for BaCySi,O, in excellent agreement with what we
find from the analysis of transverse dispersion.
S(Q,w)=co(27hs,)co2(2 5,)Sy(Q, ) For the dispersion along, Eq. (9), also convoluted with
the four-dimensional spectrometer resolution function, was
+co(2mhs,)sir?(2ml 52)50((§+{00]},w) used to analyze the two measured consksizans. Note
that at and above 5-meV energy transfer the effect of the
+sir?(2wh ) cog (2l 5z)50(f3+{10@,w) anisotropy gap can be neglected. Indeed, the potential energy
R of magnetic excitations associate with the anisotropy term is
+sir?(2mh 8,)sirf(2 71 5,) Sp(Q+{10L, w). expected to add up with their kinetic energgispersion in

®) squaresas in Eq.(11). At 5 meV the anisotropy gap is only
a 4% effect. Reasonably good fits to the dealid lines in
Here we have define@=[(2n/a)h,(27/b)k,(2=/c)l]. In  Fig. 4) were obtained with only three adjustable parameters,
our particular caseé, ,8,<1, so, for not too large momen- namelyJ,, an intensity prefactor, and a flat background for
tum transfersS(CS,w)~SO((5,w). In other words, we can each scan. The refined valdg=19.84 meV is in agreement

safely analyze the measured inelastic scans assuming an idiith the previous estimate based on the experimep(al)

alized Bravais arrangement of €usites. curve.
We can now rewrite Eq$4) and(5) to match the notation
introduced above for BaG8i,O;: V. CONCLUDING REMARKS

The purpose of this paper was to introduce Bgfi©, as
), @)% O (w—wp,), 9 a model S=1/2 quantum antiferromagnet. The particular
Qo) ‘/wz_wéu ( o) ® combination of intrachain and transverse coupling constants
make future neutron-scattering studies of this material par-
- ticularly promising. Indeed, BaG8i,0; is abetter1D com-
ﬁwQH= EJZ|sin(7rI)|. (100 pound than KCuf with a smaller ratio ofTy/J;. At the
same time the interchain interactions in the silicate are suf-
ficiently strong to make the mass gap easily observable with
inelastic neutron-scattering techniques. The use of cold neu-
trons should enable an experimental study of the double gap,
i.e., the separation between the magnon branch and the two-
2 Jo— particle continuum. This effect in BaGsi,O; is expected be
(hwg)?=—32 siré(ml)+ A2=2—[3,— J,+J, cog wh) similar to the double gap found in the dimerized state of
4 4 CuGeQ,?! but is caused by interchain interactions, rather
+J, cog mk)]+ D2 (11)  than dimerization within the chains.
When this work was in progress we became aware of the
In this formula we introduced an empirical anisotropy @ap  similar susceptibility data of polycrystalline samples of
The microscopic origin of th® term may be a slight anisot- BaCu,Si,0, and BaCyGe,0,.22 These results are consistent
ropy of the chain-axis exchange constémio-ion anisotro-  with our data.
py). Near the 1D AF zone centdat large wavelengths
however, these two types of anisotropic contributions cannot
be distinguished. It also has to be said that the magnitude of
D cannot be independently extracted from the susceptibility We would like to thank T. Masuda, T. Yamada, and Z.
measurements that are mostly influenced by yet another spitdiroi for valuable discussions. We also thank K. Nakajima

The result for transverse dispersiméL) derived for the
case of KCuk by Essleret al'® can also be easily adapted
for use with the coupling geometry in Bag3i,0;:
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