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ac susceptibility of S;CuPt,Ir ;_,Og: A magnetic system
with competing interactions and dimensionality

S. H. Irons, T. D. Sangrey, and K. M. Beauchamp
Department of Physics, Wesleyan University, 265 Church Street, Middletown, Connecticut 06457

M. D. Smith and H.-C. zur Loye
Department of Chemistry and Biochemistry, University of South Carolina, Columbia, South Carolina 29208
(Received 2 December 1999

Sr,CuPtlr,_,Og has been cited as an example of a one-dimensional quantum spin chain with competing
ferromagnetic and antiferromagnetic interactions. We have measured the ac susceptibiiQuiisr ,Og
with x=0, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, and 0.7, in magnetic fields of 0—60 kOe, and at temperatures down to
0.275 K. Our data show that the=0 endpoint, SyCulrQg, exhibits long-range ferromagnetic order &t
=20.1 K, contrary to results from dc susceptibility studies which indicated that it remained a one-dimensional
ferromagnet to below 4 K. When platinum is substituted for iridium, antiferromagnetic couplings are intro-
duced, and the susceptibility shows a diminishing signature of the three-dimensional ferromagnetic transition.
Furthermore, the low-temperature susceptibility exhibits peaks which appear and evolve axreased.
These results lead to a rich phase diagram in temperature and Pt concentration space. We find that the behavior
of SzCuPtlr, _,Og cannot be simply described by the random quantum spin chain theories that were devel-
oped, in part, to address this system.

. INTRODUCTION compounds, SCuPtlr,_,0g, have random ferromagnetic
and antiferromagnetic bonds, with segments of one interac-
Materials that exhibit low-dimensional magnetic proper-tion sign with lengths that vary witk. Ci** and I*, both
ties are fascinating systems from both a theoretical and ex§= 1/2 ions, interact ferromagnetically, as in,SulrQs. The
perimental standpoint. In one-dimensional systems botl¢W" ions interact antiferromagnetically in a Cu-Pt-Cu seg-
quantum and thermal fluctuations dominate ordering interacent, where Pt hasS=0, as in SsCuPtQ. The replace-

tions, giving rise to unique ground states and excitatiod€Nt Of one Ption in CUPtQ with one Ir ion replaces a
spectra Since calculations are simplified in one dimension, Single antiferromagnetic bond with two ferromagnetic bonds.
many exact results as well as numerical calculations arél’he random quantum spin chaﬂR_QS; theory"_ was de- .
2 : . Veloped to apply to chains of Heisenberg spins with a mix-
- - AFire of antiferromagnetic and ferromagnetic interactions.
that possess a linear magnetic structure have been studiegtg theory identifies three distinct regimes for spin interac-
In particular, an interesting series of isostructural, onetjons. At high temperatures all spins are uncorrelated and
dimensional oxides, which exhibit a range of magnetic be-Curie-like; at intermediate temperaturdg, T~ J) they cor-
havior, has recently been investigated. These materials are pdlate within segments but the segments remain independent
the typeAs;A’'BOg, and are structurally similar to the com- from each other; and at low temperatures, intersegment cor-
poundsA,PtO;, whereA=Sr, Ca, Ba The AzA’BOg com- relations become significant'. The dc susceptibility of
pounds consist of chains of alternating, face shami@s  SBCUPLIr;_,Og compounds withkk=0, 0.25, 0.5, 0.75, and
trigonal prisms andOg octahedra, which form a triangular 1 was r_neasur_ed ata f|elo! O.f > kOe, and was found to agree
lattice separated b§?" ions(see Fig. 1 Compounds of this qualitatively with the predictions of the RQS theoty. .
type have been synthesized with a large variety of elemen n order to probe the relevance c-)f -th? RQS theory to this
type n en sy . N 9 o {jﬂ Series of compounds more deeply, it is important to measure
n ;/JE:IHOUS oxEjatlag states, |n+clud|n@ ,:N' , C N and e magnetic susceptibility in a small magnetic field, and
Zn®”, B=Pt'", ”_6’ and RH", andA’=B=Co, with an  qon 1o as low a temperature as possible. In particular, for
unknown valencé-® The magnetic susceptibility of these materials where there are ferromagnetic interactions, an ap-
that of the Ising antiferromagnetic chain ¢&nirOs) and  zero-field value and precludes a comparison with theoretical
that of noninteracting ions with large single ion anisotropymodels. We have measured the ac susceptibility of powders
(SENiPtOy). ® Ferrimagnetic coupling of ferromagnetic of the solid solution SICuPtlr;_,Og with x=0, 0.1, 0.2,
chains has been postulated forsCa,0g.° The Heisenberg 0.3, 0.4, 0.5, 0.6, and 0.7 in applied magnetic fields from
antiferromagnetic chain model has been applied t@-60 kOe, down to temperatures of 0.275 K. In measuring
SrCuPtQ, and ferromagnetic interactions have been ob-ac susceptibility in the zero-field limit, we have found devia-
served in SyCulrQg.*8 tions from the RQS model, primarily arising from strong
By making solid solutions of SCuPtQ, and SgCulrOg, a  ferromagnetic interactions. We find that;SulrOg under-
series of spin chain materials with both ferromagnetic andyoes a transition to long-range ferromagnetic ordefT at
antiferromagnetic interactions can be forniethe resulting =20.1 K, and that this transition is suppressed, but not re-
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FIG. 1. Crystal structure of SECuMO; (M
=1r,Pt). (8 Looking down on the chains. The
chains form a triangular lattice separated b§'Sr
ions. The C&" ions move to the left or right
going down the chaingb) Looking along three
the chains in the center of paf@). The chains
consists of alternating, face sharing Gutdigo-
nal prisms andViOg octahedra. The G ions
move into and out of the figure plane, so from
this perspective they look colinear with thér
ions.

O®M ®Cu oS 0O
M=Ir, Pt

moved by application of a magnetic field. In addition, for rod to the Hé reservoir. The susceptometer was calibrated
>0 we find low-temperature peaks in the susceptibility thatagainst the known low-temperature susceptibility of,®b
evolve to lower temperatures asis increased. We present as well as the diamagnetic signal of a cylinder of supercon-
here detailed measurements of the magnetic susceptibility @fucting aluminum. In addition, the ac susceptibility was
SrCuPtIr; _,Og as a function ofx, temperature, and mag- matched to the dc susceptibility in the paramagnetic regime.
netic field. Demagnetization corrections had very little effect on the
magnitude of the susceptibility. The susceptibility is reported
Il. EXPERIMENTAL DETAILS in units of (cnf/mol spin), since the number of spins per
unit cell changes from 2 to 1 asis increased from 0O to 1.
Powders of S§yCuPtlr; ,Og were prepared via solid-
state reactions, using stoichiometric amounts of starting ma-
terials, as described elsewhéreln this paper we present

results forx=0, 0.1, 0.2,.0.3, 0.4, _0.5, 0.6,_ and 0.7. Three The crystal structure of SEuMOg (M=Pt,Ir) has a
x=0.5 samples, synthesized at different times, were meamonoclinic space grouC2/c. Figure 1 shows the crystal
sured, and all gave the same results. X-ray-diffraction datarycture(a) looking down the chains ang) looking at the
indicate that the micron sized crystallites that make up th&nains from the side. The one-dimensional structure of
powders are single phase. The powders were pressed i“§}3CuMOG is not that of a simple linear chain. TI&** ions
cylindrical pellets(diameter= 0.29 cm) at least 0.76 cm |ig in a straight line, separated by a distanced{j,‘l",j,mhai”
long so as to maximize the signal from the ac susceptometeL.c g3 A The Cg* ions, however, are offset from the chain

After pressing, they were individually sintered in air at oy toward one of the faces of the oxygen trigonal prism by

1.150°C for 4_—14 h in clean alumina0 boats. Their pqst—0_53 A [shown in Fig. 1(a)], in order to maintain a pseu-
sintered density ranged from 70 to 86% of the theoreticaly,gqare planar coordination. The direction of the offset ro-

value of 6.74 g/cth The demagnetization factors of the tates by 180 ° from one Gii ion to the next along the chain.

samples are less than 0.113. The in-chain CuM distanced!2!'3"@"=2 86 A. Each chain

dp magnetization measurements were taken in a Quantu%s six nearest-neighbor chains, and the distance between the
Design superconducting quantum interference device SUSCeRR1in axes igl....— 553 A The chains are separated from
axlis . .

tometer at temperatures from 2 to 300 K, and susceptibilityOne another by S ions. TheM** ions along the chain are

was calculated by dividing by the applied field. ac suscepti- . . . i i
bility was measu?/ed at te%pgraturers)arom 0.275 to 30 KFI)JSE)fLset frqm é_hosebo]n nelg_hbo:;]ng clhalns; byt (ﬂﬁm.;h:;
ing a differential coil susceptometer mounted in an Oxford shown in Fig. 1b)], making the closest interchaiil -

P interchain_ ; ;
He® cryostat. The samples were placed within one coil of adistancedy.y =5.83 A. Because of the distortion of the

pair of oppositely wound secondary coils balanced to give §U2+ ion away from the fhaln axis, any single 2tjuc_m has
near null signal when empty. The primaries, which were 2.4WO nearest-TﬁLg!?ht;?nr Cu ions in neighboring chains, at a
times longer than the secondaries to reduce finite solenoigistance ofdg %" "=5.09 A and two nearest-neighbor
effects, provided an rms field of 5-28.02 Oe. The data M*" ions in neighboring chains at a distanced5,"*"
were taken using a computer-controlled EG&G lock-in am-=5.24 A. The next-nearest interchain Cu-Cu distance is
plifier at frequencies between 53 and 6011 Hz. We measured’i°®(2)=5.92 A and the CuM distance is
y=x'+ix", wherey’ is the real part of the susceptibility diM®’c"aY2)=564 A. The nearest Cu-Cu and Cu-M inter-
(90° out of phase with the primary signabnd x” is the  chain distances are not uniformly distributed either along the
imaginary part of the susceptibilittin phase with the pri- chains or between the chains, and no flat plane of second
mary signal. It is important to note, that since we are mea- nearest neighbors exists. The spins are believed to interact
suring the susceptibility of a powder, if the spin dimension-along the chains through superexchange mediated by the
ality is not isotropic, the signal will include transverse asoxygen ions. Despite this complexity in the chain structure,
well as longitudinal components of the susceptibility. SrCuMOg; are nevertheless structurally highly one-
The sample was thermally grounded through a sapphirdimensional materials. §CulrQs has an intrachain mag-

IIl. RESULTS AND DISCUSSION
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FIG. 3. Log plot ofy vs temperature for CulrQg. The filled
symbols showypc at an applied field of 0.25 kOe. The open sym-

bols showy,c at applied fields oH=0, 0.1, 0.25, 0.5, 1, 2.5, 5,

netic ion distance of 2.86 A and an interchain magnetic ion . .
. . . d 10 kOe. Th k at 20 K is steadil d and
distance of 5.09 A. The isostructural8uPtQ is less one- an e. e peak is steacly SUPPTEssec and moves tp

. ) ) . X . in temperature which is consistent with long-range ferromagnetic
dimensional, with an intrachain Cu-Cu distance of 5.72 A’orderin%. g-rang 9

and an interchain Cu-Cu distance of 5.09 A. However, the
magnetic dimensionality is determined by the strength of th@erromagnetic character. This transition temperature is about
magnetic couplings, not strictly by the distances between thgif of the mean-field Weiss temperatugg. rises at 21 K
1ons. and levels off by 19.5 K, reflecting dissipation at the transi-
tion, primarily due to domain-wall motion. A difference be-
A. SrzCuPtOq tween zero field cooleZFC) and field cooledFC) suscep-

Initial measurements of the dc susceptibility of powderedf[IbIIIty appears arr=20.8 K, |nd|_cat|ng that there. IS an
irreversibility even abovd;, possibly due to domain-wall

?%S&Et% —();}()V\%tivz gaf aCC;JOr:eO-}/\/lelgs;lstTe_hmepzrcatsltrsecée; pinning on the small crystallite boundaries. The susceptibil-

- B_ . . = . .

tibility of single crystalline S§CuPtQ was also measured lty does not diverge below 20.9 K, but rolls over to a

down to 2 K in a magnetic field of 5 kG&The data were rounded peak. It is possible that the transition is not to a pure
ferromagnet, but may be to a canted ferromagnet or some

well fit to a one-dimensional Heisenberg antiferromagnetic . X
other more complicated magnetic order.

model with interchain interactions. The fit gave an intrachain Using T, = 20.1 K, we looked for critical exponents in the

interaction energy o/kg=—49.4 K, and an interchain in- ?C .

teraction energ;zg?]l’= —59.2 K. (Note that the] values re- susceptibility. We foun_d that the_best_ fit tq dnvs In @,

ported here are twice the values reported in the referenc _heret=(T—TC)/TC, gives a §tra|ght line with a SIOp? of
.75, but only over a very limited temperature range: 20.9

This is because the Hamiltonian on which the fit is base
takes 2 as the spin-spin interaction energy, whereas we tak(?<T<21'7 K (0.0411<0.09). A slope of 1.75 corresponds

the spin-spin meraction energy a9 The only other mea- (2 1% (WO SERaRNE 1500 OGP SeSr eRsonebe
surement of this compound that we know of is electron spi P 9 ’

esonancaESKY. cared out on SCUPIQ powdert Tris  S'O: oders a8 onedmensional sy
study finds a slightly anisotropic, temperature independent gnet. ’ y

factor. We do not present ac susceptibility forGuPtQ suggest an obvious plane in which two-dimensional ordering
. " RS e could occur. Nevertheless, ®lulrO; develops long-range
since its susceptibility is field independent and we find no presumably three-dimensiopadrder at 20.1 K, and shows

significant difference between the ac and dc susceptibilities(. X . . .
We also find no signature of three-dimensional orderingno signature ki magnetism.
down toT=0.27 K. Figure 3 compares the (_jc and ac susceptibilities measured
for a range of magnetic fields¢pc was measured at 0.25
kOe. xac Was measured at applied fields of 0, 0.1, 0.25, 0.5,
B. SryCulrO ¢ 1, 2.5, 5.0, and 10 kOe¢ac (H=0) is larger thanypc (H
The dc susceptibility of SCulrQg in the paramagnetic =0.25 kOg just above the transition, where ferromagnetic
region follows two different Curie-Weiss Laws. For tempera-fluctuations are suppressed by the 0.25-kOe dc field, but is
tures of 236<T<300 K, the Curie-Weiss temperatue lower thanypc (H=0.25 kO@ below the transition, where
=zJl4kg=—16 K and the Landey factor isg=1.9. For domain-wall pinning prevents the spins from responding to
100<T<200 K, =40 K andg=1.7. The lower tempera- the ac field.x, is monotonically suppressed and the peak is
ture Curie constant indicates that the dominant interaction anoved to higher temperature by the applied magnetic field,
temperatures below 200 K is ferromagnetic. A peak is obas is expected for a ferromagnet. There is no evidence for a
served in the real part of the ac susceptibiligy- at T,  field induced transition to one-dimensional magnetism.
=20.1 K, as shown in Fig. 2. We identify this peak as the A shoulder is evident in the zero fielgyc at T=9 K.
transition point to long-range order which has a significantThis shoulder is suppressed more rapidly in an applied field

FIG. 2. ¥’ and x” vs temperature for §CulrQ; at 53 Hz.
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FIG. 4. Log zero-field-cooledy,- vs log applied field of =)
Sr;CulrQy at low temperatures. ,.g [
=, 6.20
than the overall signal. A small, but discernible, peak is _ < [
found in ¢ at T=9 K, indicating that the shoulder g =
could be due to a phase transition. At a slightly lower tem-
peraturexpc drops rapidly to zero, indicating a change from P I P R T NN DR T B
a ferromagnetically aligned state to a state with a small or -2
zero spontaneous moment. This state could be a ferromag- H (kOe)

netic domain state, or either a ferrimagnetic or an antiferro-

magnetic state. The field dependence is also suppressed atFIG. 5. Hysteresis curves for 8ulrQs at low temperatures,
the lowest temperatures, as can be seen in Fig. 3 by thghowing the Barkhausen effect at the lowest temperatures. Integra-
coincidence of the low temperature tails pf. at different tion to obtain magnetization results in loops with extremely small
fields. areas.

To further explore the field dependerjce_ of the IOW'close to the measured value. Kageyaghal. explain similar
temperature phase, we measured magnetic-field depender};(‘étg;ultS found in C#C0,0, as ferrimagnetic ordering of fer-
of the ZFC susceptibility at temperatures below 5 K, show omagnetic chaing 6
in Fig. 4. At the lowest temperaturd €0.275 K) the sus- By measuring hysteresis 10ops jrhc, shown in Fig. 5

ceptibility is field independent up to 1 kOe. This behaworwe can map out regions of reversible and irreversible behav-

corresponds 10 a linearly increasing magnetization as a fun%r Hysteresis is observed at all temperatures below the tran-
tion of field caused either by domain-wall motion or spin .. y P

reorientation. As the temperature is increased fram sition temperature of 20.1 K, and it changes in character as

=0.275 K, the susceptibility increases, but the field to Whichthitemperature decreased. The t.W.O peaks symmetnc_ about
H=0 correspond to a small, but finite, area enclosed in the

the susceptibility re?”?"?“”? ﬁ‘?'d ir_1dependent decreased. At magnetization loop and indicate that domain-wall motion is
=5K th? susceptibility is field mdepent_je_nt iny up to 40 irreversible. At temperatures below 1.5 K, the ac susceptibil-
Oe. The field dependence of the susceptibility is the same foI y displays a sharp jump neai=1 kOe. This jump is a
Zggjtrg%eiggriﬁea;ufggsﬂgm?\}zrzol Sks?]‘;'r '?‘t aas ft'ﬁledn?; N signature of the Barkhausen effect, which occurs when fer-
o ’ ptiblity crop Ply ag efomagnetic domains suddenly and irreversibly reorient them-
tization approaches saturation. l_\lq.peaks. are fo_und in th elves in response to the applied fitidThe fact that the
field dependencg of the susceptibility, Wh'Ch. indicates tha umps always occur at approximately the same field, indicate
fr;gldphase transitions are traversed by applying a magnetgfairly narrow distribution of domain-wall pinning energies.
TH tizati iousl eBaK | This behavior is consistent with a low-temperature phase
fieldseu mtigggolzkzggna\:]vc??/vgs‘\/c;gﬁz ¥OT:;:#r 5/mol Ir:t (T<5 K) which has a ferromagnetic component, like a
P ' a _}:anted antiferromagnet or a ferrimagnet, and an intermediate

an applied field near 1 kOe and to only increase slowly to 0 - O .
wg/mol up to 200 kOé. A saturation magnetization of 0.7 temperature phase €5T<20 K) which is a more generic

pg/mol is much smaller than the expecte@.g/mol for the
two spins per unit cell found in §CulrQs. The low-
temperature phase, then, could be a canted antiferromagnet.
The applied field increases the canting, but does not cause a As Pt is doped in place of Ir in $EulrQg, the ferromag-

spin reorientation transition. Since the applied field will only netic character of the compounds decreases and the antifer-
cause canting in one of the three crystalline directions, theomagnetic character increases. The high-temperature sus-
powder magnetization should only show 1/3 of the expectedeptibility of the series of compounds follows Curie-Weiss
saturation magnetization. For two spins, then, we would exbehavior with a Curie constant that is appropriate for a spin-
pect the saturation magnetization to be 2/3/mol, very  1/2 system, but with a Curie-Weiss temperature which

ferromagnet of undetermined structure.

C. Sr3CuPtylr 1_,Og¢
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FIG. 6. Logxac Vs temperature for different Pt concentrations.  FIG. 7. Peak positions vs platinum concentration. Filled sym-
As Pt doping is increased the ferromagnetic peak is suppressed abdls are peaks, open symbols are shoulders. The dotted lines are
low-temperature peaks and shoulders develop. guides to the eye.

changes continuously from the positive value of@rirO;  continued existence of the ferromagnetic feature after Pt sub-
to the negative value of §EuPtQ.”? Although the authors do  stitution points to the existence of finite-sized ferromagnetic
not state this result explicitly, the change in the Curie-Weisslusters. The existence of the ferromagnetic clusters is fur-
temperature is also seen in the paramagnetic region of th@er evidenced by a difference betweggc and xac up to
RQS theory'® The agreement between the theory and the,=0.6. A comparison ofpc and yc for x=0.3, 0.5, and

experiment in the paramagnetic region does not necessarily 7 is shown in Fig. 8. The clear difference betwgeg and
indicate anything about the dimensionality of the magnetism, _ 4t temperatures belo, for x=0.3 andx=0.5 indi-

but it does indicate that the samples contain a homogeneolgtes that domain-wall pinning is still instrumental in pre-
mixture of ferromagnetic and antiferromagnetic bonds. With-
out such an homogeneous mixture, the susceptibility in the 05—
paramagnetic region would be dominated by the ferromag-
netic interactions, giving a much more slowly changing
Curie-Weiss temperature. 0.1 |4
In addition to the change in sign of the magnetic interac-
tion, the dimensionality of the interactions must also change 0.03
from three dimensional to one dimensional, as Pt is doped in
place of Ir. Furthermore, although &ulrQg orders three
dimensionally, we expect that as the temperature is lowered,
the correlation length along the ferromagnetic chaﬁfﬁ"a(m)
grows faster than the correlation length between the chains.
Substitution of Pt for Ir limits the extent af;.., by break-
ing ferromagnetic bonds. Although Pt is a nonmagnetic ion,
the substitution of Pt for Ir creates an antiferromagnetic bond
between its two neighboring €t ions. This antiferromag-
netic bond effectively decouples the one-dimensional ferro-
magnetic subsections and limit£).. to the length of a 0.01
particular ferromagnetic chait.With a 10% substitution of
Pt for Ir, the average length of a purely ferromagnetic chain 0.03 +
is reduced from infinity to nine spir$.Limiting the length
of ferromagnetic chains should also limit the interactions be-
tween those chains, causing an evolution to one-dimensional
behavior. 0.005 L T,
The effect on the ac susceptibility of substituting Pt for Ir o 5 10 15 20 25
can be observed in Fig. 6. The magnitude of the 20-K peak
found in SgCulrQq is strongly suppressed and shifted to

slightly lower temperatures as the Pt concentration is in- [ g A comparison of¢sc in zero applied fieldopen sym-
creased. Once the percentage of Pt reaches 30%, the pealyisig and ypc in an applied field of 0.25 kOéclosed symbolsvs
reduced sufficiently to appear only as a shoulder, which isemperature below the=0 ferromagnetic transition temperature.
still observable at 60% Pt concentration. A phase diagram ig,, . falls below ypc in (@ x=0.3 and(b) x=0.5 where strong
constructed in Fig. 7, in which closed circles indicate theferromagnetic correlations are present, but folloysc in (c) x
temperature of the ferromagnetic peak, and the open circles0.7. Also in(b) is xac for applied fields of 0.25, 0.5, 1, 2, 3, 4,
indicate the temperature of the ferromagnetic shoulder. Thand 5 kOe.

0.1 |

0.03

X (cm®/mol spin)

0.01

Temperature (K)
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oM Ty Last, we address the peaks foundxif. for x=0.5 and

01 E o 50Hz 4 x=0.6. For these two concentrations, the peak moves up in
R o 100Hz 3 temperature withx, which suggests that they are due to in-

0.09 £ P 4 aoonz 4 teractions which are distinct from those giving rise to the

0.08 [ e 6011 Hz peaks observed fok=0.1 andx=0.2. The peaks fox

1 =0.5 andx=0.6 are suppressed with small applied field. We

3 identify these two peaks with closed triangles, and connect

them with a dotted line. These identifications distinguish
S o 3 three low-temperature phases in the phase diagram of Fig. 7.

0.05 F /o 8 ] Further work is necessary in order to determine the nature of
e S~ these phases.

X' y(em*/mol spin)
o o
8 2
T T

D. Sr3CuPty glr ¢ 506

T (K) The RQS theory predicts that for half ferromagnetic inter-
actions and half antiferromagnetic interactions along a chain,
FIG. 9. xac Vs temperature for=0.5 andx=0.6 showing the  the susceptibility should be Curie like down to zero tempera-
evolution of the peak to higher temperatures and the shoulder teures (ignoring any possibility of three-dimensional cou-
lower temperatures. Also shows,¢ for x=0.5 measured at differ- pling). Initial dc  susceptibility —measurements  of
ent frequencies. SrCuPh dros0g at a field of 5 kOe were in qualitative
agreement with the theory. Our ac susceptibility measure-
ments, however, are not. Based on our understanding of the
pendence fox=0.5 will be discussed belowFor x=0.7, three-dimensional ordering in the parent compound,
the ac and dc susceptibility are coincident down to 5 K Sts CUlrQ, it is not surprising that SCUPhglros0s does
o . . not follow the RQS theory. However, we do expect the ma-
In addition to the suppression of the 20-K ferro_magnetlcterim to become less three-dimensional and more one-
peak, two low-temperature features appear as Pt is doped fimensional with increasing Pt concentration as the material
place of Ir: a low-temperature peak, and a low-temperaturgecomes more like the one-dimensional Heisenberg antifer-
shoulder below which the susceptibility drops sharply. Theseomagnet SyCuPtQ.
features do not have a clear origin, though their magnitudes Although we can identify the shoulder in the ac suscepti-
and locations do correlate with Pt concentration. By examinbility of SrzCuP4 slrg<Og found near 20 K as a remnant of
ing the evolution of the peaks with Pt concentration as welthe three-dimensional ferromagnetic interactions, the origins
as with magnetic field, we construct a tentative low-Of the peak and the sharp drop in the susceptibility near 2 K
temperature phase diagram forSuPtlr, _,Og, also shown are less clear. The peak height in zero applled field has a
in Fig. 7. The peaks that occur for=0.1 andx=0.2 atT small frequency dependence, shown in Fig. 9, but the posi-

—8 KandT=5 K tivel b h i ftion of the peak remains essentially constant. This behavior
N and = , Fespectively, may be an enhancement olis ot consistent with spin-glass behavior. Although spin-

the shoulder seen ixc at T=9 K for x=0. The peaks for  glass behavior is expected in three-dimensional systems with
both x=0.1 andx=0.2 are suppressed and move to highercompeting  ferromagnetic  and  antiferromagnetic

temperatures with an applied field as small as 0.25 kOe, simteractions-® such a phase could be suppressed in this sys-
they are likely associated with ferromagnetic interactionstem because of reduced dimensionality. Furthermore, the
We indicate these peaks on the phase diagram with closegtsceptibility at the lowest temperatures is frequency inde-
square symbols and suggest a phase line with a dotted lifeendent, indicating that the low-temperature state is not frus-

connecting these symbols with the open square symbol ideftated. As is shown in Fig. (8) the position of the peak
tifying the position of thex=0 shoulder. moves towards zero with applied field. This evolution is con-

The next set of features we identify consist of the |0W_sistent with antiferromagnetic coupling. The peak is com-
temperature shoulders and peaks below which: falls pletely suppressed for a field between 2 and 3 kOe.

~ : . The sharp drop in the susceptibility at the lowest tempera-
sharply. Forx=0.2, a low temperature shoulder is ewdenttures is reminiscent of gapped behavior. However, gapped

below the peak. This shoulder jpnc(x=0.2) is effectively  materials are expected to show an increase in the suscepti
field independent for small applied field, and is accompaniegjjity as a function of magnetic field, as the field suppresses
by a small peak inysc. xac for both x=0.3 andx=0.4  the gap?® The field dependence of the susceptibility in
exhibits only a single low-temperature peak, below whichSr,CuPY, dr, sOg at temperatures below the peak is shown in
the susceptibility falls sharply. The susceptibility at tempera+ig. 10. It shows that the susceptibility never increases with
tures below these peaks is field independent for small applieshcreased applied field. Instead, the susceptibility is uni-
fields. Forx=0.5 andx=0.6 both a peak and a shoulder are formly suppressed, just as it is for the ferromagnetic com-
again apparent, shown in more detail in Fig. 9. These lowpound SgCulrG;. It is still possible that a peak due to the
temperature shoulders are also effectively field independenguppression of the gap could be hidden since we may be
A peak is also observed ig. at the shoulder inysc for ~ Measuring the transverse susceptibility along with the longi-
x=0.6. We identify the shoulders iy, for x=0.2, x tudinal susceptibility in the powder sample.

=O.5_, andx=0.6, and the peaks f0(=' Q.3 andx_z O'.4, as IV. DISCUSSION

the signature of a single phase transition, and indicate these

features in the phase diagram with diamonds, connected by a We have found that the solid solution;8uPtlr; _,Og
dotted line. does not behave according to the RQS theory, primarily be-

venting the spins from following the ac fiel@The field de-
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[ T T ferromagnetic and antiferromagnetic systems, where a simi-
| St,CuPt, Ir, O ——0275K lar depression iT.(p) is predicted® Furthermore, a linear

= o 0570576 —+— 050K . : o
‘B, pertesssssssas . 10K 1 suppression of the ferromagnetic transition temperature and a
= —+— 25K percolation concentration of 0.41 was observed in the two-
g o dimensional disordered ferromagnet with competing antifer-
o, 001 romagnetic interactions, RbIn,Cr,_,Cl,, as is expected
g T e - E from percolation theorg® However, in S§CuPtlr;_,Og the
g ferromagnetic phase line does not decrease wih rapidly
= as percolation theory predicts. In addition, the peak in the
. . . susceptibility is rapidly suppressed to a shoulder, unlike the
0'002)_001 0.01 0.1 1 10 behavior exhibited in a ferromagnet diluted with nonmag-

H (kOe) netic ions. Although the paramagnetic susceptibility indi-
cates that the magnetic ions are well mixed in the samples, it
is impossible to rule out the existence of a small number of
crystallites of the pure ferromagnetic phase. Furthermore,
there are likely to exist statistically rare regioiriffiths

cause of three-dimensional ferromagnetic correlations beRhase’) of pure ferromagnetic correlations, which may also
tween the chains of magnetic ions. In order to gain a deepéiontribute to the powder susceptibili§. o
understanding of the behavior of the series of materials, we 1here are many complicated issues to consider in under-
consider theories which have been developed to address di&{anding the behavior of this system. The details of the mag-
order in three-dimensional materials. netic structures of S€CulrO; and SgCuPtQy are not even

Percolation theory has been used to describe the behavipown. The nature of the low-temperature phases of all of
of ferromagnets diluted with nonmagnetic iditsAs non- the samplgs is unclear. More_expgrlmental technlqugs need
magnetic ions replace ferromagnetic ions, percolation theor{P Pe applied to these materials in order to determine the
predicts that the ferromagnetic transition temperature will bd'ature of both the ordered systems and the disordered sys-
suppressed. The concentration of magnetic jpmsaches a tems in the solid solutlon_serles. Furthgrmore, Iarg_e single
percolation concentratiop. in the limit that a path of mag- crysta}s would hglp to clarify the magnetic structure in t.hese
netic bonds extends across the whole sample. The ferromarﬁ:ate_”a_‘ls- What is clear about the;SuPIr; _,Og Systemis
netic transition disappears at the percolation concentratioii@t it is more complicated and rich than previous experi-
but for all magnetic concentrations above the percolatiofnents indicated, and that the RQS theory cannot be applied
concentration, the susceptibility is predicted to exhibit ato it in a straightforward way.
sharp pgak at the trar]5|t|on temperatlig€p). Thg critical ACKNOWLEDGMENTS
percolation concentratiorp(), as well as the functional form
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FIG. 10. Logxac Vs log applied field at temperatures below the
peak in yac vs temperature T=0.275, 0.5, and 1.0 K xac is
shown in the paramagnetic regionat 25 K for comparison.
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