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The Heisenberg spin-chain compound@rPtQ, is investigated by magnetic susceptibility and heat capac-
ity measurements. §CuPtQ has an unconventional chain structure in the sense(ithdte spin-half copper
atoms are arranged in a zigzag chain structure(@ndeighboring Cu atoms along the chains are separated by
spin-zero platinum atoms. We report that this compound shows broad features in the temperature dependence
of both the magnetic contribution to the heat capacity and the magnetic susceptibility. Despite the unconven-
tional nature of the spin-chain structure, this set of data exhibits good agreement with theoretical models for a
cIassicaIS=% Heisenberg spin-chain compound. The values of the intrachain coupling constant, obtained by
different techniques, are found to be very close to each other. The low-temperature heat capaditylalata
~6 K) exhibit a deviation from the theoretically expected behavior, which could be related to a small energy
gap in the spin excitation spectrum.
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. INTRODUCTION (J') couplings among the Cii ions. From their analysis,
using a modified Bonner and Fisher mofi¢hey reported
A new class of one-dimensiondllD) magnetic com- that J=24.7 K andJ’'=7.3 K. SinceJ/J’~3, they con-
pounds with the general formulasXYOg (A=Sr, Ca;X,  cluded that the compound should not be considered as a 1D
Y= transition metals has attracted particular interest magnetic system. However, the broad maximum observed in
recently’ These materials crystallize in a,&dClk-type the magnetic susceptibility d&thgives a strong indication
rhombohedral structure, which consists of infinite chainsthat the compound does indeed have the characteristics of a
built up of alternating face-sharingOg octahedra ankOQ;  low-dimensional magnetic system. As a result, the magnetic
trigonal prisms. Thes& Og-XOg chains are separated from Status of SYCuPtQ remains unclear.
each other byA?" cations and constitute a hexagonal cross-
sectional arrangement perpendicular to the chain direction.
Depending upon the nature and the oxidization states of the
cations at theX and theY sites, these materials present a
range of low-dimensional magnetic phenoménia this
class of materials, SECuPtQ, is reported to be a spin-half
Heisenberg antiferromagn@FM) chain compound:*
From a crystallographic point of view, EuPtQ does
not constitute an ideal linear spin-chain structfeérst, due
to the presence of Cii cations at theX site, the
K,CdCk-type rhombohedral structure undergoes a mono-
clinic distortion. The Pt" ions stay at the center of the RO
octahedra maintaining a linear structure, whereas the" Cu
ions move from the center of the Cy@rigonal prisms to
their faces. Successive Euions on a chain are displaced
away from the chain axis in opposite directions, resulting in
a zigzag chain structure with a Cu-Cu bond angle of 160.94°
(see Fig. 1 Second, along each chain, neighbori@g 3
CW™" ions are separated by a*Ption. In the presence of a
strong octahedral crystal field, the*Ptions adopt a low-spin

groulnd State with zero effective spin. This results in a gig 1. A single Cu@PtQ, chain in the crystal structure of
3-0-3-0-3--- type of spin-chain structure in which tf®  gpcuptq. The line through the platinum atoms indicates the di-
=3 interspin separations parallel and perpendicular to theection of the chain axis. The arrows indicate the displacement of
chains are almost equal. Prompted by this fact, Claridgene copper atoms from the chain axis resulting in the formation of a
etal® analyzed the magnetic susceptibility data ofzigzag chain structure. Each chain is separated from the others by

Sr;CuPtQ, considering both intrachaiiJ) and interchain the Sf* ions.
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In this paper, we present the results of a thorough inves- UL
tigation of the magnetic susceptibility and heat capacity be- 0.006 [ (2)
havior of single-crystal samples of BuPtQ. While there s
have been studies of the magnetic susceptibility of this
compound>’ the present paper reports on a combined in-
vestigation of the heat capacity and the magnetic susceptibil-
ity of this material. Despite the fact that heat capacity can
provide important information about the magnetic character
of spin-chain systems, very little heat capacity data have o el
been published to date for theA;XYOs class of 0 100 200 300 400
compound$:® TK)

The theoretical model of Bonner and Fisher has been suc-
cessfully used in the past to fit the experimental susceptibil-
ity data forS=1% spin-chain system¥. This model is based
on the extrapolation of numerical calculations for a finite
number of spins€11) and is valid in a limited temperature
range T=31J, wherel is the intrachain coupling constant in
kelvin). Recently Klumper, Johnston, and co-work&rs?
have used the Bethe ansatz approach to formulate a model
for the S=3 Heisenberg spin-chain system, which should be I
valid over the entire temperature range. This model is an 0'0030 1020 30 40 50 60
extension of previous theoretical work!* In the present TK)
paper, the majority of the fitting has been carried out using
this new analytical model proposed by Johnston and co- FIG. 2. The upper panéh) shows the magnetic susceptibility vs
workers(hereafter called the Johnston modeThe Bonner-  temperature data in the temperature range 2—400 K with the applied
Fisher model has also been used for comparison. Throughofield (H=10 kOe) parallel to th¢201] direction. The solid line
the paper, we have adopted the convention where the spthrough the data points is a global fit of the data using a Johnston
Hamiltonian is defined ag{=2Jks>;S- S .1, whereS is term, a temperature-independent term, and a Curie {esndis-

theith spin on the chain ankiz is the Boltzmann constant. Ccussed in the textThe inset in the upper panel shows the inverse
susceptibility vs temperature data with the temperature-independent

term yo removed. The solid line in the inset shows a linear fit of the
Il. EXPERIMENTAL DETAILS data in the temperature range 250—400 K. The lower pénel

. L shows the low-temperatuf@—60 K) behavior of the susceptibility
The needle shaped crystals 0SuPtQ used in this in- with H=10 kOe, applied parallel to the201] direction. The data

ve;tlgatlpn were prepared by 3®0; flux method as de- .. points with filled circles show the total susceptibility data, whereas
scrlb_ed In _Ref. 3. The Cr_ys_tals were analyzed l:_)y x-ray dlf'the data points with open circles indicate susceptibility after the
fraction using MoK, radiation on a Bruker-Nonius-Kappa cyrie contribution §,4q) and the temperature-independent positive
charge-coupled device single-crystal x-ray diffractometerierm (y,) have been subtracted. The solid line through the open

The cell refinement showed that the crystals have a monaircles shows a Johnston model fit associated with the spin-chain
clinic structure(space groupC2/c) with lattice parameters contribution (chair)-

a=9.34(1) A, b=9.64(1) A, c=6.68(1) A, and B

_:91-9](55)01 which are in good agreement with the 4 egtimate the lattice contribution to the heat capaCity .
literature” The rod axis of the crystals was found to be alongy; js therefore important to measure a nonmagnetic reference
the [201] direction, which coincides with the CY@PtQs  compound with the same crystal structure and containing
chain direction. The magnetic susceptibility measurementg|ements with similar masses. For this purpose, a ceramic
were carried out using a Quantum Design superconductingamme of the isostructural compound;BIPtQ, was pre-
guantum interference device magnetometer in the temper%—ared by the usual solid-state reaction technitjuhis com-

ture (T) range 2-400 K with the applied magnetic figttl  ,onq was found to be essentially nonmagnetic. The small
parallel to the chain direction. The zero-field heat capaCity ¢ yrie constantc,,~2.6X 10~ emu/K mol, derived from

measurements were performed by a relaxation method usinge magnetic susceptibility versus temperature data for
a Quantum Design physical properties measurement SyStem, 7nptq. corresponds to only 0.1% of the®Ptions on the

The C versusT data in the temperature range 1.9-300 Ky ismatic sites being in the high-spiS€ 2) magnetic state.
were recorded with a convention&He insert, whereas the

data collected below 1.9 K were recorded usingHe re-

frigerator option. Since the mass of each crystal is typically . RESULTS

~1-2 mg, an assembly of six crystals, with their rod axis

aligned, was used for both the magnetizatidh) and the

heat capacity measurements. Figure 2 shows the magnetic susceptibility=M/H)
In order to obtain information about the short-range magversus temperature data of;8uPtQ; in the temperature

netic correlations from the heat capacity data, it is necessamange 2—400 K with the applied magnetic figll0 kOe
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along the[201] direction. The low-temperaturg(T) data  ture #,= —26(2) K that compares well with thévalue as
show a rise with decreasing temperature below 10 K, similagxpected for ars=3 spin-chain system.
to that observed in a previous investigafiaan this com- The lower panel of Fig. 2 is an expanded view of the
pound. Such a feature has also been observed in a number §ifsceptibility data below 60 K, showing the todlT) (filled
other spin-chain compountfs” and it is generally thought circles, the xcnain data (open circley and a fit using the
to arise from the presence of broken chains and/or paramagohnston formulasolid line). It should be noted that even on
netic impurities; both effects lead to a Curie-like teffAt  this expanded scale, the overall agreement ofythg;, data
intermediate temperatures, the susceptibility versus tempergy the Johnston fitting is found to be good. However, below
ture data show a broad peak around 32 K, which is typical of-20 K a discrepancy between the experimental data and the
short-range magnetic order in a spin-chain system. The highitted line appears. In fact, the change in the slope expected
temperature daté250—400 K show Curie-Weiss behavior i the Johnston model arourid-0.4] K (about 10 K in the
along with a temperature-independent positive tafm present cageis not present in our data. Given the fact that
For a quantitative analysis of the susceptibility versussy,cuptQ has an unconventional chain structure, some de-
temperature data, we expregsis a sum of three terms as in partures in the magnetic behavior from the theoretical model
Ref. 19 as are not unexpected. Nevertheless, it must also be borne in
mind that in the temperature range considered here, the
(1)  Xchain data are very sensitive to the subtraction xofyq,
which may introduce some uncertainty in the resulting.in
values.
~ The termyayq= Cada/ (T~ Oaad) is & Curie-like term com- In order to better understand the low-temperature behav-
ing from broken chains or paramagnetic impurities in thejor of Sr,CuPLQ, it is useful to investigate the temperature
system. The terny, is a combination of the van Vleck para- gependence of the heat capacity of this system, which is
magnetic term and the diamagnetic contributions from theyypected to be much less affected by additional contributions

atomic coresycnain is the contribution coming from the 1D from broken chains or paramagnetic impurities.
magnetic correlations among the spins. This can be approxi-

mated using the Johnston modEl. (50) of Ref. 1J) for the
S=3% uniform linear-chain system where we write
Xehain(T)=x{J,9}(T), J andg (Landeg facton are the free The total heat capacity of SEuPtQ as a function of
parameters. With these considerations, we have fitted ouemperaturg1.9—300 K is shown in Fig. 8) (insed. This
x(T) data to Eq(1) in the temperature range 2—400%0lid  data contain no signature of long-range magnetic ordering in
line in Fig. 2. The good quality of the fit over the full tem- this temperature range. Figure 3 also depictsGli€) of the
perature range indicates that the Johnston model can be usednmagnetic isostructural compounds;Z1PtQ;. At low

to describe the susceptibility behavior of;SuPtQ. The  temperaturegbelow about 50 K C,,(SrCuPtQ) is larger
parameters obtained from the fitting are the followidy: in value thanC,,(Sr;ZnPtQ;). This is clearly due to an
=25.7(1) K, g=2.05Q3), x,=8.1(7)x10 ° emu/mol, additional contribution to the heat capacity of magnetic ori-
Cadg=0.0055(1) emu K/mol, andé,4q=—0.14(5) K. Simi-  gin for the Cu compound. It is expected that the magnetic
lar fitting for T>13 K (~3J), using the Bonner-Fisher contribution toC,,,(Sr;CuPtQ) should tend to zero at high
model for xspin, Produces a value of=25.3(1) K, which  temperatures. There is a difference betw€gjy(Sr;ZnPtQ)
compares well with the result obtained using the Johnstomand C,,;(Sr;CuPtQ) even at 300 K, which is due to the
model. The value ofl is also in good agreement with the mass difference of the Cu and the Zn atoms. In order to
value(26.1 K) estimated by Nguyeet al* using the Bonner-  calculate the lattice contributiorG,;, of SECUPtQ from
Fisher model. the heat capacity data of ZnPtQ;, a careful mass correc-

The Curie constant associated wijthyq corresponds to a tion to the data is required. In the present case we have used
moment of 1.73g residing on~1.5% of the Cu atoms a phenomenological scaling of the Debye temperafiige
present in the sample. The value pfyq remains practically  with two scaling factorgsee the Appendixo obtain theC,,;
unchanged if one set8,4q=0. This concentration of free from the heat capacity of the nonmagnetic reference sample.
CU?™" ions is comparable with the values previously reportedt should be noted that the scaling f65,, has only a weak
in some other C&i" based spin-chain compountfst’ effect at low temperature€, (S CuPtQ) is almost super-

At high temperatureg250—400 K, the 1fx(T)— xo] imposed ontdaC,(Sr;ZnPtQ;) below about 40 K. Since this
versusT plot (see inset of the upper papdgs found to s the region of interest for the analysis of the 1D magnetic
be linear with respect t@, when using the value gf, ob-  features, these should not be significantly affected by any
tained from the global fitting2—400 K) of our data to Eq. imperfection in the model used to deri@g,;(Sr;CuPtQy).

(1). This is expected, because at high temperatyrgs, be- The lower panel of Fig. 3 shows the magnetic contribu-
comes negligible ang, reduces to a Curie-Weiss term. tion to the heat capacity of SEuPtQ;, C,,5((T), that was
Additional confidence in the reliability of thig, value obtained by subtracting the lattice contributiGyp,(T) from
comes from fitting the high-temperatugg¢T) — xo data to a the total heat capacit€,,:(T). The main feature is a broad
simple Curie-Weiss expression, where one finds an effectivpeak at low temperature, as expected in a 1D magnetic
momentpe=1.77(2)ug/CUP", which is close to the theo- system' In their theoretical investigation d8=3 Heisen-
retical value (1.7ag), and a paramagnetic Curie tempera- berg antiferromagnetic chains, Johnstenal* have pro-

X= XaddT Xot Xchain-

B. Heat capacity
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FIG. 4. The low-temperaturedown to 0.35 K magnetic heat
capacity vs temperature data of;SuPtQ along with the curve
o (solid ling) predicted by Johnston modétown to 1 K for J
2L %0 20 300 ] =25.5 K and the curvedotted ling obtained by fitting Cﬁqag
(K = Ymagl €XP(—A/T) to our data in the temperature range 2-5 K and
¢ then extrapolated below and alo2 K and 5 K, respectively. The

° inset shows th€,,,4vs T data below 6 K. The line emphasizes the

0o quasilinear behavior of the data in the temperature range 2—6 K.
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o . . . . The inset in the lower panel of Fig. 3 displays the tem-
0 10 20 30 40 50 60 70 80 perature dependence of the magnetic entropy derived by
T(K) SmadT) =S [CmadT')/T']1dT".?® One observes that the
calculated entropy saturates slightly below the theoretical
h value, RIn2=5.76 J/mol K, expected foB=1/2. This ap-
ture data of YCUPIQ in the temperature range 1.9-60 K. The heat(f)arentmissingentropy probably just reflects the uncertainty
capacity data of the nonmagnetic isostructural compoun . .
) : : . . . In the estimation ofC4(T).
SrZnPtG; is also shown in the figure along with the lattice contri- . .
; . In order to get a more comprehensive view of the 1D
bution of the heat capacity of SEuPtQ as calculatedsee text for . s
! X . . magnetic behavior of SCUPtQ,, we have extended our heat
detailg from the heat capacity data of ZnPtQ;. The inset in the - .
) . capacity measurement down to 0.35 K. Figure 4 shows the
upper panel shows a full viewl.9—300 K of the heat capacity vs C. /T versusT data below 11 K. while the inset in Fiq. 4
temperature data of EuPtQ. The lower panel(b) shows the rr]nag thetsus ata edo d ’ fg‘, ed ?eb | gé
magnetic contribution to the heat capacif,(,¢ of S;CuPtQ as Shows the tempeérature dependence o hﬁg ata below

a function of temperature along with the curve predicted by theK' Around 1.5 K, Cmag contains a small featurewhich is

Johnston modelsolid line) for J=25.5 K. The inset shows the {notrje Clearht/h\llistible in tg_é.:mé‘g/T VersdufSTtﬂOt)’T?]nd thenb
magnetic entropy vs temperature data fosCG3PtQ;, and the dot- ends smoothly o Zero asis decreased further. This may be

ted line in the inset denotes the theoretical value of the entrop;‘;‘ signature of_three_-d|me_:n3|0nal _ang-range magnetic order-
(RIn2) for anS=1 system. ing or of a spin-Peierls-like transition. However, the occur-

rence of such a transition appears to be in contrast with the
posed analytical expressions for the temperature dependena®rk of Irons et al,” who reported the absence of any
of the heat capacity. The solid line in Fig. 3 is the curveanomaly in the ac susceptibility measurements down to 0.27
predicted by this modelEqgs. 54a)—54(c) of Ref. 11) for J K on a polycrystalline sample of uPtQ. In order to
=25.5 K. It is worth emphasizing that there are no free pa-understand the significance of this feature, further investiga-
rameters other thad in this model. On the scale of Fig. 3, tions based on neutron-scattering measurements are required.
only curves obtained using a narrow rangeQ.5 K) of J  For the present analysis, we decided to restrict ourselves to
values around 25.5 K provide good overall agreement witithe temperature rangé=2 K, for which C,,4 is presum-
the experimental data. The curve corresponding Jto ably related to the short-range intrachain coupling only.
=25.5 K gives the best fit fof <3J and the quality of the In case of an AFM spin-chain system such agCsiPtQ,
agreement is quite satisfactory up to about 40 K. Abdve C,4 is expected to show a lineaf dependenceC,,q
~50 K, theCp,((T) data clearly depart from the model, a = ymagT, at low temperatureg@pproximately,T<J/5 which
behavior which can be ascribed to the uncertainty in the ess belov 5 K in our casg. OurC,,,(T) data in Fig. 4(inse}
timation of C; (for instance, aT ~60 K, the expected mag- show a quasilinear behavior in the temperature range 2—6 K,
netic contribution is just 2% of the measured total heat cabut clearly extrapolates to a finifeintercept of about 0.5 K
pacity). In the Bonner-Fisher model, the intrachain couplingat C,,,q=0. Such a behavior suggests the possibility of a
is related to the temperatufe, . corresponding to the maxi- small gap ofA~0.5 K in the spin excitation spectrum. Al-
mum inC,,(T) data asT ,,,=0.962). Consideringl m,«in  though, a spin gap should not exist in the case of a uniform
the range 24—25.5 K, one obtaing salue lying between 25 S=3 spin-chain system, the possibility of a gap cannot be
K and 26.5 K, which is in good agreement with the value ofruled out in the case of ECuPtQ, with its unconventional
J given by the Johnston model above. spin-chain structure.

FIG. 3. The upper panéh) shows the heat capacity vs tempera-
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In Fig. 4, we have showl,,,/T behavior predicted by interpreting the value o8’ from this kind of analysis. For
the Johnston modétlown toT=1 K) with J=25.5 K along low-dimensional magnetic systenfwith small and weakly
with the experimental data. While the Johnston model wellT-dependeny), the introduction of an additional fitting pa-
represents the experimental data down to 5 K, a deviation ifameterd’ can often lead to unphysical results. In the case of
visible in the IOW-temperatUre data. The experimentalSrBCuPtq, such a |arge value of’ appears to be inconsis-
Cmag/T contains a clear downward curvature below 5 K, tent with the global magnetic behavior, particularly the ab-
which is absent in the thnston model that shows a rathefence of long-range magnetic order down to 2 K. A finite
constantCpa(T)/T behavior consistent with the expected \a1ye of the interchain coupling should eventually lead to a
linear T dependence of th€y,q data in this temperature 06 dimensional ordering at a temperatiigeand theoret-
range(1-5 K). This departure from the Johnston model be'ical models have established relationships betwEgrand

havior aroud 5 K cannot be simply attrlbgted to t.he small the coupling parameters) (andJ’) for the weakly coupled
feature observed around 1.5 K. If a spin gap is reSPON i ear-chain systems. F&=1 AFM Heisenberg chains, the
sible for such a departure, to a first approximation, it can y ’ 2 9 '

. . model proposed by Ogucht,based on a Green’s function
Ee Aaccounted by @ phenomenological relatlﬁkﬁ]a%{T . method, has been used extensivéliRecently, SchufZ has
= YmaXP(—A/T) at low temperatures. The dotted line in

Fig. 4 shows the fitting oC#aJT to the data in the tempera- proposed a?other model relatifig,, J and J for weakly
ture range 2-5 K along with an extrapolation slightly below

coupled S=3 chains, which is based on a mean-field ap-
and aboe 2 K and 5 K, respectively. The parametersprOXimation for the interchain coupling and exact results for
estimated by the fitting are found to beyﬁ1ag

the resulting effective 1D problem. Both these models deal
=0.128 JK 2mol ! andA=0.64 K. This phenomenologi-

with a square lattice of the spin-chains and as outlined by
cal spin gap model can account for the downward curvatur

éines et al,?* corrections are required to apply these models
in the Cyyag(T)/T data below 5 K. According to the Johnston to systems with a hexagonal arrangement of spin chains, as is
model, for anS=3 AFM spin-chain, the coefficient of the

the case for SCuPtQ. With J=255K, andTy=2 K
linear term (ymag) IN Crag is related to the intrachain cou-

(since, there is no 3D order at least down to B Both the
pling parameter ag,,,= R/3J, whereR s the universal gas Oguchi and the Schulz models predict an upper limit for the
constant. Although, strictly speaking, this relation is valid for

interchain coupling constant’ of 0.2 K. Therefore, it is
an ideal gapless spin-chain system, we have used the relati(;):hhear that the large value df derived previously, by fitting
in the present context to estimate the valud.dfhe value of

e Hatfield model to the susceptibility data, may not be
J, obtained by inserting the value qﬁlag in the above rela- eliable. WithJ'<0.2 K, one obtains theower boundaryof
tion, is found to be 22.2 0.5 K, which is close to the values

the ratio of the intrachain and interchain coupling parameters

of J obtained from other methods to_ be ~130(J/J’>1_30) and this ratio is more consistent
' with the 1D magnetic character of SuPtQ,.

Now the question is how to reconcile such a ladjé’
ratio with the fact that the distance between two neighboring
CU" ions is approximately the same along and perpendicu-

The present magnetic susceptibility and heat capacity inkar to the chain. It is well known that the strength of the
vestigations on single crystals of;8luPtQ show that there exchange coupling not only depends upon the distance but
is a good overall agreement between our experimental da®lso on the nature of the exchange pathway. From the view-
and the theoretical predictions for & 3 Heisenberg AFM  point of the mediation of the exchange interaction between
spin-chain system. The values of the characteristic coupling:u2+ ions, the situation is very different, parallel and per-
parameted, obtained from different measurements, are reapendicular to the chains. Although the*Ptions located in
sonably consistent. between the Cif' ions along the chains are in the low spin

Such a good agreement with standard spin-chain modeltate §=0), they possess unfilledd3orbitals and can thus
is rather surprising for a compound whose one-dimensiongbarticipate in the exchange interaction. A similar mechanism
magnetic character was recently questionédhe doubts cannot be expected for the?Srions located in between the
raised were based upon the large value of the interchain coGuQ;-PtQ; chains. Such a difference in the exchange path-
pling parameted’, derived from an analysis of the magnetic way can qualitatively explain the largd/J’ ratio in
susceptibility, leading to a ratid/J’ ~3. Our susceptibility SrCuPtQ.
analysis discussed so far in the text has been performed with- Finally, let us consider the low-temperatu@35-6 K
out considering any interchain coupling paramdies., J’ heat capacity data for euPtQ;, which revealed some de-
=0). In order to get an idea of the interchain coupling pa-viation from the S=3 1D AFM Heisenberg model. Al-
rameter, we have reanalyzed our susceptibility data with théhough, they are also visible ig.nain data (Fig. 3), such
relation proposed by Hatfiidand previously used by Clar- deviations can be studied more preciselydp,q data. The
idge et al® We found that this mean-field approach can im-latter data led us to propose the existence of a small energy
prove the quality of the fitting with the addition of an AFM gap in the spin excitation spectra. A uniform half-odd inte-
interchain coupling parameter. The best fit is obtainedJfor gral spin-chain system is supposed to be gagfe®@ne
=25.1(x=0.1) K and J’=4.3(+0.2) K. The J’ value is simple explanation for the origin of a small gap is a weak
slightly less but still comparable with the value 7.3 K re- modulation in the strength of the exchange interaction along
ported by Claridgeet al®> However, one should be careful in the chairf® The zigzag nature of the spin chain i,SuPtQ

IV. DISCUSSION
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may result in such a modulatich. reference compound)$'(T), which can be directly derived

In conclusion, we have performed a detailed investigatiorfrom the total heat capacit@,(T) of the reference sample
of the magnetic susceptibility and the heat capacity behaviopy inverting Eq.(A1). A one-parameter scaling of the Debye
of the compound SCuPtQ. The use of a nonmagnetic iso- temperaturd 633™(T)=r 6:27(T)] (wherer is a constantis
structural compound (§ZnPtQ;) has enabled us to extract found to be inadequate as there is nwalue leading to
the magnetic contribution to the heat capacity. Both the mage, . (Sr,CuPtQ) which tends taC,.(SCuPtQ) at 300 K,
netic susceptibility and the heat capacity were found to Dyhjle lying below it for T<300 K. The former requirement
conS|stlent with the Johnston and Bonner-Fisher models fog pased on the fact that at 300 K, the theoretical magnetic
an S=3 AFM spin chain, with similar values of the intrac- ontribution to the heat capacity f&= 3 Heisenberg chain
hain coupling parameters]{-25.5 K). Based on the fact ;tnh J~25 K is expected to be only 0.02% of the total heat
that there is no long-range magnetic prc_ier observgd in th'éapacity of SYCUPtQ. The failure of this one-parameter
system, at least down to 2 K, thewer limit of the ratio of ~ gcalingled us to use an extension of this approach with two
the intrachain and interchain coupling parameters is EXpeCt%enomenological factors, corresponding to the highBs} (
to be ~130. These observations, in contrast to the previoug,q |owest T.) temperatures of our data. We can express
reports>’ clearly identify S;CuPtQ as anS=3 spin-chain 0T (T) = 61 (T L) +[ 62 (Ty) — 6:'(T,) 1F(T), wheref(T)
compound WithllD magnetic character. Deviations from thqua functioDn suIE:h aﬁ(%l) :Ho an?if(T:)=1. bwing to the
1D uniform S= 3 He|_senberg_mOQeI§ were observgd n thestructural equivalence of the magnetic and the nonmagnetic
Iow-temperaturg regime, Whlqh |'nd|cate the possible eXiStofarence compounds, we assumed #&f{T) can be ap-
tence of a gap in the spin excitation spectuum. proximated by a similar expression, keeping the same func-
tion f(T). The 63*™ values afT, and Ty are related to their
counterparts in the reference sample by two adjustable pa-
We acknowledge the financial support of the EPSRCameters:  3"(T.)=r; 62" (T)) and  62"M(Ty)
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(UK) for this project. =r, GB”(TH). The parameter, was determined from the
requirement thaC,,4 should vanish affy;, resulting in a
APPENDIX: CALCULATION OF Cj4 Cia¢ that tends toC,, at Ty. For the present case of

SrCuPtQ with SpZnPtQ; as the reference sample, the
single parameter correction factom (which is valid in the
_ low-T region, i.e., T<®p only) estimated from the differ-

Cial(T)=3pROL Op(T)/T], (AL) ence in t%e mass of theDatonxs is almost equal & There-
wherep is the number of atoms per molecuR,is the gas fore, the parameter; was chosen as the smallest value for
constant, 65(T) is the Debye temperature, anB(x)  which C,,; does not cros€;,; over the whol€eT range. The
= (33 [{[2%’I(1—e%)?]dz is the Debye function. The estimated values of the parameters age=1.025 andr,
problem of findingC,,; for a magnetic sample reduces to the =1.050(with T,.=2 K andT,=300 K). Figure 3 shows the
problem of deriving the Debye temperature of the magneticorresponding lattice contribution of f&uPtQ; that was ob-
sample, #32™(T), from that of a nonmagnetic isostructural tained by includingdp?™(T) in the Debye formula.

According to the Debye model of lattice heat capacity,
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