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Magnetic properties of SrCuP,0; and PbCu;—Zn,P,0; (x = 0, 0.1, and 0.5) were studied by magnetic susceptibility,
%(T), and specific heat, Cy(T). Both data showed that magnetism of SrCuP,0; and PbCuP,0- can be described by
the one-dimensional (1D) uniform chain model despite the structural features suggesting the presence of zigzag
chains with next-nearest-neighbor interactions. The x(T) data were fitted by the Bonner—Fisher curve (plus temperature
independent and Curie-Weiss terms) with g = 2.20 and J/kg = 9.38 K for SrCuP,0; and g = 2.17 and Jkg =
8.41 K for PbCuP,0; (Hamiltonian H = J £S;S,1). Magnetic specific heat, Cr(T), exhibited one broad maximum
due to short-range ordering and one sharp peak at Ty = 1.64 K for SrCuP,0; and Ty = 1.15 K for PbCuP,0; due
to long-range antiferromagnetic ordering. The characteristic values of the broad maxima on the Cy(T) curves (Cpax
and TCx) were in good agreement with the theoretical calculations for the uniform 1D S = Y/, Heisenberg chain.
Magnetic properties of PbCugeZng1P,0- still obeyed the 1D uniform chain model but those of PbCug sZng sP,0; did
not. In air, SrCuP,0; was stable at least up to 1373 K while PbCuP,0; melted incongruently above 1180 K.

Introduction Sr4ClpsO41,2 and S = 1 chains’ e.g., Y:BaNiOs'° and

i 11
Low-dimensional quantum magnets have attracted con- PbNV20s' (Haldane systems).

. ; ~ . .
siderable attention because of interesting physical properties. Q.uantum fluctuations in th& = ¥, umfor_m Helsenberg .
For example, the spin-Peierls transition observed in someCha'n are so strong that the ground state is disordered while

organic compounds and in CuG&@s one of the quantum the excitation spectrum_is gap_less. Ideal 1D gapl_ess sys_tems
phenomena in a one-dimensional (1®¥ Y/, antiferromag- do not unt_jergo three-dmenqual .(3D) magnetic _orderlng.
netic (AF) Heisenberg chain. Below the critical temperature, However, in a real compound, f|n|te_ interchain coupling IeaQS
a finite energy gap opens in the magnetic excitation spectrumto the 3D ordered ground state with spontaneous sublattice

accompanying with a lattice distortion (lattice dimerization), magnetltzatlor;]. inaiD zi hain with th ¢
and the spin system is in a spin-singlet state. Spin-singlet Quantum phenomena in a 1D zigzag chain wi € next-

ground states with finite gaps have also been found in other"€arést-neighbor (NNN) interaction have recently been
1D AF systems:S = Y, alternating bond chairfs e.g., studied from both theoretical and experimental viewpdihts.

(VO).P.0;7,* S = Y/, two-leg ladders, e.g., SrCw0O5%7 and
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Magnetic Ordering in SrCuBO; and PbCuRO;

Figure 2. Projection of the structure of PbCy® along thea direction.
Pb atoms are not shown.

Figure 1. (a) Spin interaction scheme for the bond-alternating zigzag chain
1 e pentearestnshbor erecion. () Projeton of i SIUEUT® yond it the CurCu distance of 5.38 A (for PbCu),
and P2Q tetrahedra were removed for the clarity.-€ distances are given ~ and the NNN interactions)§) are mediated by the two RO
in A. tetrahedra (or one,P; group).

CaCuR07,2° BaCuAs0-,2* and other compounds with the
general formula of ABED; (e.g., SrZnBO; and PbZnEOy)

Spin interactions in such systems shown in Figure la are are also isotypic withi-CaP,0-.22 Magnetic susceptibilities

described by three exchange constadisX, andJs). This were measured for CaCy and SrCUBO; in the temper-

ggdee:] dlisn aI:rc]) tﬁgllfz;jti;ht?et\c/jv?aljahme:lsplgnggalqhgi@?ﬁ ature range 42300 K, but only the Curie Weiss behavior
P 9 2 » P was reported? In this work, we have studied properties of

system can have a gapped ground state or can be gapless. Ig . .
o SRR i rCuRO;, PbCuRO;, and solid solutions PbGuZzn,P,0;
the case of); = J,, it gives the so-called railroad-trestle (0 < x < 1) by magnetic susceptibility and specific heat

12-14 — ; _
irg%olljet;ined':or‘]z 0, the ordinary two-leg ladder system measurements. The experimental data agreed well with the
) . assumption of the presence of the 1D uniform zigzag chains
18 19
SrCuB((); ; ar:ﬁ §P_b(13/uEl_)7 areh the 9,[?]”:"'(\1;@ tmodel with almost negligible NNN interactions. We have observed
compounds for — 12 ZIgzag chain wi Interac- short-range and long-range magnetic ordering in SpOpP

tions. They are isotypic witbh-CaP-O7 crystallizing in space : : Py
. and PbC and also investigated the thermal stability of
groupP2/nwitha~ 5.4 A b~ 8.1A c~ 125A, ands these twcl:ES)?mpounds :nvair 9 e

~ 90.5.1% Cw?" ions with S = ¥, have square pyramidal
coordinations. There is no direct SO—Cu interaction, but  Experimental Section

Cu atoms are connected with each other t.hroug%PGO Synthesis SICURO;, PhCURO,, SIZnROs, and PhZnfO, were
bonds of P@Qgroups. The copper framework in the structures d toichiometric mixt £ Sre9 99%). Pbo

. . prepared from stoichiometric mixtures of Sr&(®9.99%),
of SrCuRO, an<_j P_bCl_JEO7 can be descrlbgd in _three ways. (99 996), ZnO (99.9%), CuO (99.99%), and MHPO, (99.8%)
The first description is 1D bond-alternating zigzag chains yy the solid state method in alumina crucibles. The mixtures were

along thea axis (Figure 1b). Cu atoms in the zigzag chain heated very slowly from room temperature to 770 K, reground,
are connected with each other by twe-B—0O bonds with and then allowed to react at 1173 K for SrGORand SrznRO-,

Cu—Cu distances of 4.30 and 4.85 A (for PbGOR. Cu and at 973 K for PbCu®; and PbZngO, for 100 h with four
atoms in the zigzag chain have also the NNN interaction intermediate grindings. Solid solutions PRCZnP,0; with x =
transferred through one -@P—O bond with the CuCu 0.1 and 0.5 were prepared from stoichiometric mixtures of
distance of 5.38 A (for PbCuyP;). This model fails into a PbCuBO; and PbZnRO; at 973 K for 80 h with two intermediate

dimer system whet, is dominant (the second model). The grindings. X-ray powdgr diffraction (XRD) data collected with a
third description is 1D uniform zigzag chains along the RIGAKU RINT 2500 diffractometer (@ range of 860", a step

axis (Figure 2). In this case, Cu atoms with the nearest- g;?:&g;%?j'ean:gnigﬁgglcng time of 1 s/step) showed that all the
neighbor (NN) interaction)) are connected by one-&—0O ’

(20) Riou, D.; Goreaud, MActa Crystallogr., Sect. @99Q 46, 1191~
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(18) Mogqine, A.; Boukhari, A.; Elammari, L.; Durand, J. Solid State 350-355.
Chem.1993 107, 368-372. (22) Maass, K.; Glaum, RActa Crystallogr., Sect. 200Q 56, 404—406.
(19) Elmarzouki, A.; Boukhari, A.; Holt, E. M.; Berrada, Al. Alloys (23) Boukhari, A.; Mogine, A.; Flandrois, S. Solid State Chen199Q
Compd.1995 227, 125-130. 87, 251-256.
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Table 1. Fitted Parameters for 1(T) andy(T) of Sr*CuRO7, PbCuRO;, and PbCuy-ZnP.O;

Belik et al.

PbCu_XZnXPZO7

eq guantity SrCuf®; x=0.0 x=0.1 x=0.5
eql temp range (K) 15400 15-400 15-400 15-400
%o (cMB/Cu mol) —2.76(2)x 107 —5.60(10)x 1075 —4.90(2)x 107 —5.78(2)x 107
C (cmK/Cu mol) 0.4371(8) 0.4229(4) 0.4395(9) 0.4341(10)
0 (K) —4.04(14) —3.53(8) —3.35(19) —1.29(22)
eqs2and 3 temp range (K) —200 2-400 2-400

%0 (cm¥Cu mol)

Cimp (cm*K/Cu mol)

—3.34(3)x 104
2.53(9)x 103

—1.34(4)x 104
2.64(8)x 1073

—5.87(5)x 104
1.96(5)x 102

Bimp (K) 1.11(3) 1.43(2) 0.20(4)
g 2.1999(4) 2.1689(5) 2.1746(11)
Jlke? (K) 9.378(6) 8.410(8) 8.134(14)
ome (%) 0.544 1.034 1.979
Re 2.31x 10°¢ 6.02x 10°6 3.17x 10°¢
aHamiltonianH = J £SS1.
b
1 2 10(T) — xs(MH]? ) ]
Poe=—Y | ———— whereN, is the number of data points.
CTONG&L W
ND
(™) = Xﬂl(Ti))Z
R= =
ND
(M)
=
Magnetic and Specific Heat MeasurementsMagnetic suscep- 30 3 L 1200
tibilities, y, of SrCuRBO;, PbCuRO;, and PbCuy Zn/P,0; were = SrCuP207
measured on a SQUID magnetometer (Quantum Design, MPMS Lo *._
XL) between 2 and 400 K in an applied field of 100 Oe under E 5,7 e C)
both zero-field-cooled (ZFC) and field-cooled (FC) conditions. g o PbCuP’()? %
Specific heat(,, was recorded between 0.45 and 21 K (on cooling) N ; g,
by a pulse relaxation method using a commercial calorimeter <~ ;1 F a0
(Quantum Design PPMS). - !
Thermal Analysis. Thermal stability of SrCuf®; and PbCupO;, @ ¢
was examined under air with a MacScience TG-DTA 2000 o e sl
instrument. The samples were placed in Pt crucibles, heated, and 0 50 100 150 200 250 300 350 400
then coo!ed with arate of 10 K/min.. SrCyP» was heated to 1373 Temperature (K)
K, but differential thermal analysis (DTA) showed no thermal
effects. XRD data confirmed that the sample remained monophasic.  PbCuP,0;
PbCuRO; was heated to 1213 K. DTA data showed two peaks 27 >
centered at 1186 and 1190 K on heating and three peaks centered— ~
at 1013, 1029, and 1163 K on cooling. Such inconsistence of heating g 24 L
and cooling behavior suggested that Pb{ynelted incongruently “g £}
above 1180 K. S 1] =
R 5,
Results and Discussion e L] =~
Figure 3 presents plots gfandy~* (ZFC curves) against

temperatureT, for STCuRBO; and PbCuFOD;. No noticeable °

difference was found between the curves measured under

the ZFC and FC conditions. Th€T) data exhibited a broad

maximum aftTy = 6.0 K for SrCuBO; andTy = 5.2 K for Figure 3. Magnetic susceptibilitiesy and y~1 (ZFC curves), against
ot i temperatureT, for SrCUBO; and PbCuRO;. Solid lines represent fits by

tPthlﬂIBO7 gharacgerlszc r?f qua‘?l 1D. syst(Tm§. f\bd(?ve 1h5 K, eq 1 for they~* data and by egs 2 and 3 for thelata. (b) Enlarged fragment

ey *(T) data obeyed the CurieWeiss rule including the  ghown in part a.
temperature-independent term)(

Temperature (K)

The %(T) data did not exhibit vanishing behavior below
Tw characteristic of spin gap compounds but tended to
approach finite values typical for gapless quasi-1D systems.
Indeed, they(T) data were fitted very well in the entire
temperature range by the equations for the uniform 1D

KD =10+ 7= M

whereC is the Curie constant anllis the Weiss constant.
The fitted parameters to eq 1 are given in Table 1.
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“C, (SrCuP,05)

Cy (SrZnP,05)

10

15 20

Temperature (K)

Figure 4. Total specific heatC,, plotted against temperatur&, for
SrCuROy, SrZnR0O7, PbCuRBOy, and PbZnEO-. Solid lines are drawn for
the eye.

Heisenberg AF chain
x(M) = Xot+ Cimp/(T - Gimp) + Xchair{T) 2
_ Ngug’  0.25+ 0.14995 + 0.300942
Xchain(T) -

keT 14 1.986X + 0.68854° + 6.0626<(33)

whereycnair(T) is the Bonner-Fisher curvéparametrized by
Estes et al’* x = J/(2ksT), N is Avogadro’s numberg is
the spectroscopic splitting factog-factor), ug is the Bohr
magnetonkg is Boltzmann’s constanCim, is an impurity
Curie constant, anfli,, is an impurity Weiss constant. The
fitted parameters and measures of the quantity of &itgs(
andR) are also given in Table 1.

Specific heat data were taken at zero field to assess the

effect of possible NNN interactions and interchain interac-
tions in SrCuRO; and PbCuBO;. The total specific heat
values plotted against temperatuf@,(T), for SrCuRBOy,
SrZnB0O;, PbCuRO;, and PbZnERO; are shown in Figure

4. Since these are insulators, there is no electronic specific

heat. If we assume that lattice contributions to the specific
heat are the same for SrG@» and SrZnRO; and for
PbCuRO; and PbzZnRO;, the magnetic specific heat,
Cn(T), for STCuBO; can be obtained by subtracting the total
specific heat of SrZnf®; from that of SrCupRO; and
Cin(T) for PbCuBO; can be obtained by subtractir@gy(T)

of PbZnRO; from that of PbCuRO;.

The C(T) curves (Figure 5) exhibited broad maxima with
values ofCnay at temperature3Cax (Cnax = 2.951 J K1
mol~t and TCax = 4.46 K for SrCuRO; and Cpax = 2.922
J K 2 mol ! andTCa= 3.98 K for PbCuRO-) due to short-
range magnetic ordering and sharp peak$afTy = 1.64
K for SrCuRO; and Ty = 1.15 K for PbCuRO,) due to
long-range magnetic ordering. The calculated magnetic
specific heat, C)cae, for theS= */, AF uniform Heisenberg
chain with thel/kg parameters determined from th@) data
are also plotted in Figure 5. For the calculations @f)¢alc,
we used eq 54 of ref 25.

(24) Estes, W. E.; Gavel, D. P.; Hatfield, W. E.; Hodgson, DIndrg.
Chem.1978 17, 1415-1421.

3.0

| -‘Cma; o 7 (a)
| ' Cp (SI'CU,P207) - °
5 2.0
= 1T %  NC oo, .e60°
= a
O 10 _/ Cp (StCuP,0,)
00 1L R w ‘
0 5 10 15 20
Temperature (K)
29 - (®)
] ”/ClD (PbZnP,0,)
T o194
S ]
g
v
-
S 0.9 ~ . (Cm calc
/’ e =
Cn (PbCUP207) T e,

10 20
Temperature (K)

Figure 5. Magnetic specific heaCn, plotted againsT for (a) STCuRO;

and (b) PbCufO;. Thin solid lines between experimental points are drawn
for the eye. Thick solid lines are the calculated magnetic specific heat,
(Cm)cale for the S = 1/, uniform chain model with thel/kg parameters
determined from thg(T) data. The characteristic values of the broad maxima
(CmaxandTCnay) are shown. Total specific heat is also drawn for comparison.

15

TCmaxS were in excellent agreement with the theoretical
values, TCmaycac ~ 0.4803(0/kg),%> with the J/ks parameters
determined from they(T) data ([Cmaycac = 4.51 K for
SrCuRO7 and [Cracac = 4.04 K for PbCuRO;). Chaxs
were also consistent with the theoretical predicti@af)carc

~ 0.349Nks = 2.908 J K* mol~.25

Because of the presence of the interchain interactions, the
systems underwent AF long-range orderings. Figure 6 shows
the magnetic specific heat divided by temperat@gT)/T,
and the magnetic entrop$,(T) = /(C/T) dT, curves.Sy-

(T) values approached In 2~ 5.76 J K'* mol™, expected
for the S= Y/, systems, wher& is the molar gas constant,
but only 12.0% (for SrCuf®;) and 8.1% (for PbCu®;)
of the saturation value was gainedTat reflecting the 1D
nature of the systems.

Figure 7 depicts thg(T) and C(T)/T data for PbCu.4-
ZnP,07 (x = 0, 0.1, and 0.5). Th€(T)/T data evidenced
that long-range ordering witfiy = 1.15 K was suppressed
with increasingk. For example, fox = 0.1, the peak at 1.15
K was still observed whereas for= 0.5, no long-range
ordering was detected. Note that t8g(T)/T values started
to increase below 0.7 K for Pb@sZne sP,07 suggesting the
presence offy at a lower temperature. Short-range correla-
tions persisted fox = 0.1 and 0.5 as clearly seen on the

(25) Johnston, D. C.; Kremer, R. K.; Troyer, M.; Wang, X.; Kiper, A,;
Bud’ko, S. L.; Panchula, A. F.; Canfield, P. €hys. Re. B 2000
61, 9558-9606.
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Figure 6. Magnetic specific heat divided by temperatutay/T, and

magnetic entropy$y, plotted against for (a) SrTCuRO; and (b) PbCufOy.

Thin solid lines between experimental points are drawn for the eye. Thick
solid lines are the calculated magnetic specific heat divided by temperature,
(C)cad T (Sn)cac = S((Cm)cad T) dT. Total specific heat divided by
temperature is also drawn for comparison.

Cn(T)/T data.Crax = 2.567 J K mol™* and T¢,.x = 3.98
K for PbCu oZNng 1P,07 and Crax = 1.198 J Kt mol~* and
TCmax = 3.67 K for PbCysZng sP>05.

Sn(T) decreased with increasigThis could be attributed
to the decrease in the number of spins. However, the
magnitude ofS,(T) for x = 0.5 was considerably smaller
than the expected value (0.5 of t8g(T) of thex = 0 sample)
probably because a larger percentagespfvas gained at
T for PbCu sZNno sP207. They(T) curve for PbCelsZng 82,07
did not show any maximum. This sample is not a 1D system
anymore. The Curie constant (&&imol Cu) obtained by
the fitting of they 1(T) data for PbCy.«ZnP,O; with x =
0.1 and 0.5 by eq 1 (given in Table 1) was almost
independent ok.

In the whole temperature range, th(@) data for PbCplg-
Zny 1P,0; were fitted well by eqs 2 and 3 with parameters
given in Table 1. Theg andJ/kg values for PbCuf®; and
PbCuw oZno1P,0O; were close to each other. These facts
indicated that magnetic properties of PlGany ;P,O; were
still described by the 1D chain model. Nonmagnetic impurity

Belik et al.

40 —x=05 s 200
: o1 770 pbcuLzn P06
T
S
ME
g 20
N
=
ST &
0 ‘ . :..H....:ﬁx..nn@mw
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r 6
1 PbCuLznP0r 5300, |
_ 12 - S
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g 1 e -
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VR B 2 s 2305 a2
0417 @ N
© :
] 8 o
E °°o»§§,2°°'900 -9- (b) L
0.0 2 C o

10
Temperature (K)

15

Figure 7. (a) x—T (ZFC data) curves for PbGuZn,P,O7 with x = 0.0,

0.1, and 0.5. Thin solid lines between experimental points are drawn for
the eye. Inset presents the enlarged fragment withyth€ and y~1—T
curves. In the insert of part a, the solid lines are the fits to eqs 2 and 3. (b)
Cn/T—T andSy—T curves for PbCu-.Zn,P,07 with x = 0.0, 0.1, and 0.5.
Thin solid lines between experimental points are drawn for the eye.

The experimental datge(T) and C(T)) evidenced that
magnetic properties of SrCp®; and PbCu-ZnP,07 (X =
0.0 and 0.1) can be described well by the uniform 1D AF
Heisenberg chain model. Three possible variations o,
may result in this description: (1); is the dominant
exchange constant); and J, are negligible, andl, is
responsible for interchain interactions; (&)and J; (J; ~
J;) are dominantJ; is negligible, andl, is responsible for
interchain interactions; and (3} is the main exchange
constant andJ;—Js; provide interchain interactions. It is
impossible to choose the correct interaction model from the
present experimental data. Inelastic neutron scattering studies
on single crystals are required to determine the direction of
1D chains. However, we may choose the most probable
interaction model by analyzing the geometrical parameters
of Cu—0---0O—Cu pathwayg5 28

In Table 2, we summarize the geometrical parameters of
M—0---O—M pathways (M is a magnetic ion) for £u-
(PQy)2, BaCu(PQ),, BaCuRO;, CaCuGgOs, and (VOXP,0;
where the &-O contact unit is an edge of X tertahedra.

introduced in a 1D chain makes segments with odd and eveny,o exchange constants between M atoms in these com-

numbers of spins. An even number segment is covered with

singlets while an unpaired spin remains in an odd number
segment. Therefore as expected naively, in average, t#/o Zn
ions should give rise to one sptf-in a 1D chain. It means
that Cimp for PbCu ¢Zng 1P,07 (X = 0.1) should be 20 times
smaller thanC (0.4229 cnik/mol Cu) for PbCuRO;. The
experimentally obtained ratio of 21.7 was very close to the
naively expected value.

8576 Inorganic Chemistry, Vol. 42, No. 25, 2003

pounds are relatively strong (about 7040 K). All the
compounds in Table 2 have the following common fea-
tures: (1) the M-O bonds belong to basal planes of MO

(26) Whangbo, M.-H.; Koo, H.-J.; Dai, Ol. Solid State Chemin press.
(27) Whangbo, M.-H.; Koo, H.-J.; Dai, D.; Jung, Dhorg. Chem.2003

42, 3898-3906.

Koo, H.-J.; Whangbo, M.-H.; VerNooy, P. D.; Torardi, C. C.; Marshall,
W. J.Inorg. Chem.2002 41, 4664-4672.

(28)
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Table 2. Geometrical Parameters of MD---O—M Pathways Mediated on the basal planes. One of the-aD---O bond angles for
by XO4"~ Groups in Some Compounds with Strong Exchange Constants J; andJ; differs greatly from the optimal value and is even

Jk o
2 smaller than 90 The CuyO, ring is far from planar ford,.
compd  path bond (A) angle  (deg)Jks (K) Therefore, all three rules formulated above were not fulfilled
SECU(PQ)S Land2 GwO3 1925 Cr03-03 1320 1438 for J; and J, and these exchange constants should be
Cu—03 1.925 0303-Cu  132.0 negligible. J, cannot be dominant because in this case we
BaCu(PQ),®2 1and2 Cu-O3 1.941 C+03-03 132.6 13223 would obtain a model of interacting dimers. However, this
03-03  2.507 :
Cu-03 1941 0303-Cu 1326 modgl was not supported by the experimental data. In
BaCuRO= 1 Cu-0O1 1962 Ct01-03 1347 1038 addition, the CO, ring is far from planar ford,, and one
01-03 2525 of the Cu-0O-++O bond angles fad, is closer to 90 (~101°)
Cu-03 1.984 0+03-Cu 1320 .
2 Cu-05 1.939 Cu-0O5-07 127.2 than that forJ, (’\'114 ) As a result, we conclude thaj
85—8; g-gig 0507y 1375 should be the main exchange constant in SgOaRand
u— . —Cu .
CaCuGeO® land2 CwOl 1943 CaOl-02 1319 6% PbCuBO,. However,J, shoulld be much smaller than tt?e
01-02 2.992 values for the compounds in Table 2 because there is one
Cu—02 1970 OrQ2—-Cu 1265 Cu—0---O—Cu pathway and one of the €&®---O bond
(VO)P,02 1 V3-017 1.941 V3-017-015 133.1 138 - . ;
017-015 2.510 angles (113-114°) is considerably smaller than the optimal
V4-017 1942 017015-V4 132.7 value. IndeedJ, for SrCuRO; and PbCuRO; (J/ks = 9.38
2 SRS Taes VAO167018 1346 K for SrCuRO; and Jy/ke = 8.41 K for PbCuRO;) was
V3-018 1.951 016018-V3 131.0 ~10—20 times smaller than th& values in Table 2. Note
(VO)P,0% 1 3570513 ;-ggg VEO11-013 1285 oF that all four atoms in the GuO-+-O—Cu pathway fod, lay
V2-013 1.960 01+013-V2 130.2 on almost one plane.
2 v2—0l14 1.951 V2-014-012 129.9 From the above discussion, we concluded that SpOuP
014-012 2572 o ;
V1—-012 1.930 O14012-V1 124.5 and PbCuRO; should be regarded ass= Y, Zigzag chain

) system with NN {;) and NNN interactionsJ). It is hard to
polyhedra, (2) the MO, hexagonal ring formed by two M estimate a small effect of the NNN interaction from the
atoms and two ©-O contact units is planar or close to planar  gysceptibility data? but it is known that NNN interactions
and the Qring is rectangular or almost rectangular, and (3) in 1D chains affect DOtAC max ANACrnax. From the comparison
the optimal M-O---O bond angle is close to 13that may  \yjth the numerical calculatio#, we could estimate that the
just indicate that the WD, ring forms more or less regular 3. yalue is smaller than 0J1 The small NNN interaction in
planar hexagon. These three rules deduced from the analysigig zigzag chain can be explained by the fact that the NNN
of SLCU(PQ)2, B&Cu(PQ)2, BaCuRO;, CaCuGeOs, and  interaction is mediated by two R@roups sharing a corner
(VO).P,0; are in agreement with those proposed by Koo et (Figure 2), i.e., by the path GtO-++O-+-O—Cu.

al# for (VO),P,07 and related compounds; i.e., the mag- 1,5 33, should be responsible for the interchain

nitude of the super-superexchange (SSE) interaction; .o actions. The value of interchain interactibks in 1D
involving paths M-O---:O—M should increase as the

chains can be estimated using the equdtion
O---O distances are decreased, as thei@y formed from g 9

two O---O contact units becomes more planar, and as the T,

basal planes of the two spin monomers become more parallel. J/kg = (4)

The deviation of M-O-+-O bond angles from the optimal 1.28/In(5.8¥/(ksTy))

value of 132 to smaller values should strongly reduce

exchange constants. This formula givesl/ks = 0.68 K for SrCuRO; and J-/kg
The geometrical parameters of €0-+-O—Cu pathways = 0.46 K for PbCuRO;. Interchain interactions are10—

responsible forJ;—J; in SrCuRO/*8 and PbCuRO;*° are 20 times smaller thads.

presented in Table 3. The apical €02 bonds are included In conclusion, we characterized SrG@? and PbCuRO;

in J; andJ; while the Cu spins occupyd,? orbitals laying by magnetic susceptibility, specific heat, and thermal analy-

Table 3. Geometrical Parameters of E@---+O—Cu Pathways Responsible fadf—Js in SrTCuRO7'8 and PbCupO°

bond (A) angle (deg)

J path SrCuROy PbCuBROy SrCuRO; PbCuBOy
Ji land2 Cu-02 2.284 2.275 Cu02—-03 88.7 89.7

02-03 2.537 2.534

Cu—03 1.963 1.975 0203—Cu 110.1 110.3
J2 land2 Cu-0O1 1.978 1.951 Cu01-03 140.5 142.1

01-03 2.513 2.536

Cu—-03 1.963 1.975 0103—-Cu 100.6 100.9
Jz 1 Cu-01 1.978 1.951 Cu01-02 85.8 88.2

01-02 2.562 2.544

Cu—02 2.284 2.275 0102—-Cu 147.8 149.6
Ja 1 Cu—05 1.910 2.005 CuO5-06 168.2 167.6

0O5-06 2.453 2.396

Cu—06 2.050 2.042 0O506—Cu 112.8 114.0
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