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ing manganese and copper have been synthesized.
neutron powder diffraction and found to be tetragonal

(14/mmn) at temperatures down to 10 K. The series of materialSkaMngsCuysO4 (X = 0.75, 1,

1.25, 1.5) displays significant Jahfeller distortions
increasing withx. The materials LaSrMysCuo 04,

of the B site cations, with the degree of distortion
PrSrMny sCuos04, and NdSrMRsCuysO04 show

interesting magnetic behavior with antiferromagnetic ordering, but evidence of some ferromagnetic
interactions. LaSrMgsCuy 504 has long-range antiferromagnetic ordering angs6& sMng sCup 504 shows
more complex behavior due to competing interactions, possibly resulting in a canted magnetic ground

state.

Introduction

RuddlesdernPopper (RP) phases are a class of layered
perovskite related materials of general formula #8,03n+1.
They are composed of alternating rock salt and perovskite
blocks, composed af layers of corner linked B@octahedra,
stacked along the-axis? as shown in Figure 1. It is the
layered nature of these materials which has led to significant
interest in their electronic properties. A well-cited example
is then = 2 manganese containing materiah b&n gMn,O;
which displays colossal magnetoresistance (CMR). This
property is enhanced in this RP material due to its reduced
dimensionality over the three-dimensional perovskite.

Then = 1 manganese RP phases Li&n+MnO, do not
display CMR but nevertheless have been the focus of much
research due to their unusual electronic structulidne
materials are antiferromagnetically ordered and 5 s
MnQ, also displays charge and orbital order¥¥d.he copper
analogues La,ACuQ, have also received much attention
and undergo interesting structural transformations as a
function of temperature; the transitions are dependent on both
x and the nature of the A catidif. The solid solution for
which A = Sr also shows a range of interesting electronic
properties from antiferromagnetic (AFM) insulating at low
X to superconducting at = 0.15 and to metallic at higher
x.? Research has been carried out on the mixed manganese
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Figure 1. Unit cell of n = 1 RP material ABO4 showing BQ octahedra
and A cations.

copper perovskites, which are found to crystallize in ortho-
rhombic or monoclinic symmetry and undergo distortions
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to rhombohedral symmetry, often as a function of oxygen Table 1. Table of Lattice Parameters from Refinement Using
nonstoichiometry®!* However, little work has been carried R°°m'T‘;mSpi;|at“re XRPD DegaNfé’é 'R;’XS'Z*XM”OBC“O-SO“’
out on the mixed manganeseoppern = 1 RP materials. rorMn osCUo 0 an Mo sCllo 04

We present here the synthesis and structural and magnetic , ;. LaorShzs  Last - LaiasSiors LaisSis

h L . fth i Clo O " x=0.75 x=1.00 x=125 x=1.50 PrSr NdSr

characterization of the series S&-MnosClosOs, as we QA 3.81724(5) 3.81166(6) 3.79701(4) 3.79332(5) 3.79154)6) 3.78285(3)

as PrSrMgsCuo s04 and NdSrMg sCuo sOa. oA 12.6599(1) 12.8173(2) 13.0298(1) 13.2075(1) 12.7167(2) 12.6584(1)
volume/ 184.471(4) 186.220(5) 187.854(3) 190.046(4) 182.812(5) 181.141(2)

Experimental Section As

Polycrystalline samples of LBr,-MnosClosOs (Ln =La, P, g6 1o the reduction of the B site cations, from an average
Nd) were prepared by the solld-state.reactlon of stoichiometric oxidation state of-3.25 forx = 0.75 to+2.5 forx = 1.50.
quantities of LgOs, POy, or NcbkOs, with SrCQ, MnzOs, and Thec parameter increases significantly while there is a small
CuO (Aldrich, >99%). The reagents were intimately ground . . .
together and heated at 1250 either in air (for Ln= La andx = decrease in tha parameter. The decrease in u.nlt cell volume
0.75 and for Ln= La, Pr, Nd anck = 1) or in an atmosphere of ~ 8S P#" and Nd* replace L&" on the A site is expected,
flowing No(g) (Ln = La andx = 1.25,x = 1.5) for periods of 20 due to the decrease in lanthanide cationic radius. These
h with regular grinding. Room-temperature X-ray powder diffraction results are similar to the observations made by Hong €t al.
(XRPD) data were collected over a period of 10 h on a Siemens of the pure manganese system, although in contrast to their
D5000 diffractometer (transmission mode, monochromated €&u K study, these manganeseopper materials show a more
radiation, step size of 0.019%osition-sensitive detector). Constant isotropic decrease in unit cell parameters as a function of

wavelength neutron powder diffraction (NPD) data for LaSgMn  |anthanide cationic radius (possibly due to the absence of
Clo.£04 and La sSio. Mno.sClo 504 were collected at 10 and 295K magnetic ordering of the lanthanide moments in these
on the powder diffractometer at NFL (Studsvik, Swedeh)~ systems)

1.47027 A, double Cu monochromator). Room-temperature and 2 L
K TOF NPD data were collected for PrSrikCu,:Os and Structural Characterization from Room-Temperature

NdSrMny sCtos0s at POLARIS (ISIS, U.K.). Rietveld structural ~ NPD. Constant wavelength NPD data were collected at 295
refinements were carried out using the GSAS suite of progidms. K for LaxSr-xMnosClos0, X = 1 andx = 1.5 samples and
Magnetic susceptibility was measured by ac excitation (amplitude TOF NPD data were collected at 295 K for PrSi@uy sO,
10 Oe) and by dc extraction (field of 2000 Oe) using a Quantum and NdSrMp sCuy s04. Again, the diffraction patterns were
Design Physical Properties Measurements System. Thermogravi-consistent witH4/mmmsymmetry and there was no evidence
me:tl’lc.a..nalySIS (TGA) St.Ud|es were carried out using a Rheometric to Suggest |ong_range Orderlng Of the manganese and Copper
Scientific STA, heating in 10% ky/90% Ny (t0 1000°C) and  gypyctural refinements were carried out using 5o
in Oy (to 800°C). Hoyvever, reduction was not a feasible way to MnO, as a starting model and background parameters
ztscjiﬁiso;)gﬂinpﬁggz'zwgzsaf g:eciamlalnesodecomposed 10 non('Iinear interpolation), histogram scale factors, diffractometer
A zero points, peak shape, and atomic coordinates were refined.
Results and Discussion Fractional occupan(_:ies of the oxygen sites were refir_1ed,
although they remained close to 1 and so most were fixed
A ! ’ at the end of the refinement. This suggests that the materials
characterization of all materials was performed by Rietveld . stoichiometric with respect to oxygen, unlike some pure
refinement of XRPD data. All materials were found to coppern = 1 materials which contain oxygen vacandies.
crystallize with body-centered tetragonal cells described by pnigotropic thermal parameters were also refined, except for
the ideal, high-symmetry space grodgmmm and there Was ¢ for the B site in the low-temperature refinements which
no evidence to suggest distortions to lower symmetry. Traces, a5 constrained to be isotropic. These refinements (shown
of La,O; were detected in L&r-MnosClosOs x = 1.25 iy Figure 2) were consistent with the trends in unit cell

and x = 1.5 samples and this was included in these gimensions observed from the XRPD refinements. Details
refinements as a second phase. However, th®4 eontent are given in Tables 2 and 3.

refined to values of 0'21(.2)% an_d 0.53(5)% by weight_ fgr The bond lengths obtained reflect the Jafiller (JT)
the two sample; a_nd SO 1S consudered_ to have a negllglbledistortions of the B site. The degree of distortibg is given
effect on the stoichiometry of the materials. All refinements by the apical bond length divided by the equatorial bond
showed a good fit between observed and calculated pattern%rlg,[h_14 This distortion is approximately constant with

a_nd C(_ell dimensions obtained from these refinements aretemperature, but increases withor the series LS Mnos
given in Table 1. " ! ) .
- . . . Cuw 0s. As the L&" content increases and the B site cations
For the series L&®rn-xMngsClup 504, the increase in unit . o ;
cell volume as the larger Brcation is replaced by (3 is are re(_juced, the concen'_[ratlon of JT active ions mcre_ases to
a maximum forx = 1.5, with La sSr.sMngsCly 04 contain-
(9) Radaelli, P. G.; Hinks, D. G.; Mitchell, A. W.; Hunter, B. A.; Wagner, Ing Only JT ions MA" and Cd* on the B site. Variations in

J. L.; Dabrowski, B.; Vandervoort, K. G.; Viswanathan, H. K.; the unit cell parameters witk are due to JT distortions of
Jorgensen, J. CPhys. Re. B 1994 49 (6), 4163.
(10) Aldridge, S. A.; Battle, P. D.; Evans, J. S. O.; Moore, C. A.; Prior, T.

Structural Characterization from XRPD. Preliminary

J.; Wiseman, P. Jnorg. Chem.2005 44, 197. (13) Hong, C. S.; Chi, E. O.; Kim, W. S.; Hur, N. H.; Lee, K. W.; Lee, C.
(11) Petrov, A. N.; Zuez, A. Y.; Tikchonova, I. L.; Voronin, V. $olid H. Chem. Mater2001, 13, 945.

State lonic200Q 129 179. (14) Bouloux, J. C.; Soubeyroux, J. L.; Daoudi, A.; Flem, G.Mater.
(12) Larson, A. C.; Dreele, R. B. Los Alamos National Laboratory Res. Bull.1981, 16, 855.

Report: LA-UR-86-748 Los Alamos National Laboratory: Los (15) Nguyen, N.; Choisnet, J.; Hervieu, M.; Raveau)BSolid State Chem.
Alamos, NM, 1987. 1981, 39, 120.
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Figure 2. Observed ), calculated, and difference NPD profiles (295 K data) of (a)d5% .sMnosClo.sO04, x? = 1.614,R,p = 4.73%,R, = 3.60%, LaOs

content 1.78(9)% by weight, (b) LaSrMECuo 504, %2 = 1.896,Rup = 5.02%,R, = 3.84%, (C) PrSrMasClo0s, 72 = 2.951,Rap = 2.14%,R, = 1.69%,

and (d) NdSrMp sCuo.s04, x? = 2.725,Rup = 1.91%,R, = 1.62%, reflection positions of the main phase (and afdshare marked |j from bottom to top.

the B cations, as confirmed by the bond distances obtainedfeature of the LaSrMsCuy 504 sample is of highJss thermal

from NPD refinementsAjr shows little variation as the  parameters, reflecting increased motion of atoms along the

lanthanide A cation is substituted; this is expected as the B[001] direction. This is noticeable for both A and B cation

cation oxidation state (hence concentration of JT active sites but more significantly for the apical oxygen site. In

cations) remains constant. contrast, the LasSi sMNng sCly 50, model, while still showing
Comparison of the models obtained for the®m xMno s some motion of the B cations along the [001] direction,

Cws04 x = 1 andx = 1.5 samples shows that a general shows much more isotropic motion of other cations and the
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Table 2. Details from Refinements Using Room-Temperature NPD Table 4. Details from Refinements Using Low-Temperature NPD
Data for La1.5SrosMnosCuosOa, LaSrMn g sCug 504, Data for Lai sSrosMnosCupsO4 and LaSrMn g sCuosO4 (Data
PrSrMn ¢ 5Cug 504, and NdSrMng sCup sO42 Collected at 10 K) and PrSrMngsCuos04 and NdSrMng sCug 04
A site La 5Shs LaSr PrSr NdSr (Data Collected at 2 Kf
alA 3.7927(1) 3.8154(2)  3.79161(8)  3.78285(4) Asite L5l Lasr prsr Ndsr
c/A 13.2003(7) 12.8262(8)  12.7160(2) 12.6574(1) alA 3.7847(1) 3.8058(1) 3.77956(3) 3.77392(2)
Acationz  0.3585(1) 0.3593(1) 0.35815(2) 0.35874(1) c/A 13.1766(6) 12.8151(7) 12.6916(2) 12.6385(1)
0(eq.) 1 0.986(6) 1 1 Acationz ~ 0.3587(1) 0.3592(1) 0.35795(2) 0.35865(1)
occupancy O(eq.) 1 0.984(6) 1 1
O(ap.)z 0.1776(1) 0.1674(1) 0.16840(9) 0.16815(3) occupancy
B—O(eq.)/A 4x 1.89635(9) 4x 1.9077(1) 4x 1.89581(4) 4x 1.89143(2) O(ap.)z 0.1776(1) 0.1673(1) 0.16833(4) 0.16816(3)
B—O(ap.)J/A 2x 2.344(1) 2x 2.147(2) 2x 2.1413(4) 2x 2.1284(4) B—O(eq.)/A 4x 1.89233(8) 4x 1.90287(9) 4x 1.88978(2) 4x 1.88696(1)
Asr 1.236(1) 1.125(2) 1.1295(4) 1.1253(4) B—O(ap.)/A 2x 2.340(1) 2x 2.144(2) 2x 2.1364(5) 2x 2.1253(4)
Rup/% 4.73 5.02 2.14 1.91 Asr 1.237(1) 1.127(2) 1.1305(4) 1.1263(4)
Ry/% 3.60 3.84 1.69 1.62 momenton  +2.559(3) +0.92(9) +0.5(1) +0.77(5)
22 1.614 1.896 2.951 2.725 Mn/ug
aRefinements were carried out in space grédfjmmmwith A cations mo(r:nEIm on  +0.640(3) +031(3) +0.176) +026(1)
on the 4e site (0, @), B cations on 2a site (0, 0, 0), equatorial oxygens on prl%ﬂB 519 5.29 139 117
the 4c site (0, 0.5, 0), and apical oxygens on the 4e site (9, 0, Ry/% 394 4.00 259 167
Table 3. Anisotropic Thermal Parameters Obtained from s 1.953 2:093 2.381 9.447
Refinement Using 295 K NPD Data for (a) La sSrosMno.sCuosOa, a Refinements were carried out in space groéémmmwith A cations
(b) LaSrMn ¢ sCug 504, (€) PrSrMnosCuo.sO4, and (d) on the 4e site (0, @), B cations on the 2a site (0, 0, 0), equatorial oxygens
NdSrMn o sCuo 504 on the 4c site (0, 0.5, 0), and apical oxygens on the 4e site @, The

overall moment on the B site was refined and attributed to manganese and

atom Uss x 100142 Uzz x 10012 Usa x 100142 copper cations according to the constraints described in the text.
(a
k/laflsé 2-;33(5) fg%@ 39'287(7) Pt and N&* compared with that of L. The volume of
Oleq) 0’_8((1)) 6.1((1)) 1'.3((1)) the 9-coordinate A site decreases slightly for this series of
O(ap.) 2.03(8) 2.03(8) 1.1(1) materials as the average A cation radius decreases.
(b) Structural Characterization from Low-Temperature
La/Sr 0.71(7) 0.71(7) 1.22(9) NPD. Refinements using the low-temperature data revealed
?)"{ch? %)'.%((i)) %'%(("i)) ii((i)) structural features similar to those found from the 295 K
O(ap.) 1.63(9) 1.63(9) 3.8(1) refinements and refinement details are given in Table 4.
c However, these low-temperature patterns were found to
(©)
Pr//Sr 0.74(8()7) 0.74(8()7) 0.73((1)) contain extra peaks that could not be indexed by the structural
Mn/Cu 0.65(2 0.65(2 2.92(6 ; :
O(eq) 0.71(1) 051(1) 1.09(1) cgll. These are_partlcularly noticeable at low _angles (see
o(ap.) 2.10(1) 2.10(1) 4.16(2) Figure 3), especially for LiaSr sMno sCly £0,. The first three
) peaks were indexed as the [100], [101], and [012] reflections
Nd/Sr 0.791(6) 0.791(6) 0.636(9) of an enlarged unit cell of dimensiong2a x +/2a x c;
Mn/Cu 0.81(2) 0.81(2) 2.51(6) this cell was found to index all magnetic peaks observed
O(eq.) 0.89(1) 0.56(1) 1.35(1) . . . .
O(ap.) 2.30(1) 2.30(1) 2.03(2) and was consistent with the lower intensity peaks observed

for LaSrMny sCuy 504, PrSrMmnysCups04, and NdSrMp s
O(ap.) site shows more motion in thé plane, as expected CuysO4. A magnetic phase was therefore included in the
for this structure. The models obtained for PrSgMBuy 504 refinement with moments of nearest neighbor B cations
and NdSrMp sCu, 504 also show highJs; thermal param-  aligned antiferromagnetically within the perovskite layers.
eters for the O(ap.) site but the motion of the A site cations From refinements, the best model had moments aligned along
is much more isotropic. The highs; thermal parameters the [001] direction and refined moments are given in Table
observed from NPD refinements of this material are thought 4. Constraints were applied to the magnitudes of the moments
to reflect a degree of disorder due to the mixing of JT and on manganese and copper cations, based on the expected
non-JT ions in the structure. No ordering of the B cations is number of unpaired electrons on each metal (fors5& s
observed and so the B cation environment obtained from MngsCuysOs containing MiA™ (d*) and Cd" (d°), the
refinement of diffraction patterns is the average over the moment on manganese sites was constrained to be 4 times
whole structure. This might explain the high degree of motion that on the copper sites; for LaSriCu 504, PrSrMn s
along the [001] direction as some B sites, containing JT Cuys04, and NdSrMpsCu, 5O, containing an average B
cations, will be distorted, being elongated along the [001] cation oxidation state of3, which is assumed to be due to
direction leading to increased-BD(2)(ap.) bond lengths and  Mn*" (d®) and Cé" (d?), the moment on manganese sites
influencing the A site position, while other B sites will was constrained to be 3 times that on the copper sites). Figure
contain non-JT cations and so will have undistorted octa- 4 shows the relationship between the magnetic cell and the
hedral environments. The models obtained for PrgyMn  nuclear cell and the arrangement of magnetic moments in
Cu 504 and NdSrMp sCuy 504 also show higHJss thermal the structure. However, there are very few magnetic peaks,
parameters for the apical oxygen site, consistent with a mix with low intensity, and although a good fit was obtained with
of Jahn-Teller and non-JahnTeller B cations, but the this simple model, there are other models that might describe
motion of the A site cations is much more isotropic. This is the magnetic structure of these materials, as described below.
probably due to the significantly smaller cationic radii of The moments obtained for the manganese and copper sites
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Figure 3. Observed ), calculated, and difference NPD profiles (low-temperature data) of (a3t@sMnosCuo.s0s, 2 = 1.953,Ryp = 5.19%, R, =
3.94%, LaO; content 1.54(9)% by weight, (b) LaSrMECU.504, 2 = 2.093,Rup = 5.29%,R, = 4.00%, (c) PrSrMasCuo.s04, x? = 2.381,Ryp = 1.39%,
Ry = 2.59%, (d) NdSrMeisClo 504, 2 = 9.447,Ryp = 1.17%,R, = 1.67%, reflection positions of the main phase and magnetic phase (and@) loae

marked () from bottom to top.

from refinements are lower than might be expected for these 93 K, but it should be noted that there is also a change in
ions, which is attributed to incomplete ordering of the gradient at~280 K. The inverse susceptibility (shown in
moments as is often observed in layered materials.
Magnetic Characterization of Laj sSrosMnosCugsOa.
Figure 5 shows the magnetic susceptibility of k315 sMnOs.
There is a plateau in the susceptibility centered arolind

the inset in Figure 5) does not vary linearly with temperature,
suggesting that the material does not behave as a €urie
Weiss paramagnet in the temperature range studied. These
measurements suggest that the magnetic behavior of this
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a)

Figure 4. (a) Relationship between magnetic (---) and nucledrynit cell and (b) arrangement of moments represented by black arrows, within structure.
This magnetic structure has been observed from NPD data for all materials described here.
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Figure 5. (a) Magnetic susceptibility versus temperature plot of 4% sMno sCuy 504 in applied field of 2000 Oe, ACMS data collected with amplitude
10 Oe, and inset (b) inverse susceptibility versus temperature plots, KFEC (), and ACMS () data shown.
material is complex. The gradient of the susceptibility versus inset to Figure 6) shows CuriéNeiss behavior above this
temperature plot at-280 K and the observation of a broad ordering temperature, but with two regions of differing
maximum may reflect some ferromagnetic interactions, gradient. Application of the CurieWeiss law gives positive
possibly resulting in canting of the moments. Canting could Weiss constants for both slopes, and the paramagnetic
arise as a result of competing interactions. Exchange interac-moment increases from 2.2 at T > 215 K to 2.99u5 at
tions between the empty.d,, orbital on the JT M#+ cation 100 K< T < 215 K. The theoretical paramagnetic moment
and the half-filled gy, orbital on the JT C#f cation would of a mixed Mrt*—Cuw?* system is 3.0Qg, while that of a
result in FM coupling. However, Mii—Mn3t and Cd"— mixed Mre*—Cu®t is higher (4.00Qus for high-spin Cd")
Cuw?* exchange interactions would lead to AFM ordering. If and so the observed paramagnetic moment is more consistent
the relative strengths of the FM Mh-Cuw" and AFM with a mixed Mri*—Cuw" system, particularly at low
Mn3t—Mn3t/CUPT—Cu?t interactions change with temper- temperatures. The presence of two regions in the inverse
ature, the observed change in susceptibility with temperaturesusceptibility plot may signify two types of magnetic
might be explained. If the FM interactions dominate at higher interactions, favored at different temperatures. From the
temperatures but the AFM coupling increases in strength onpositive Weiss constants, both slopes are consistent with FM
cooling, this could lead to a ground state with canted spins, interactions and the moment increases on cooling. FM
which satisfies both these competing interactions to an extent.coupling could arise from either superexchange or double-

Magnetic Characterization of LnSrMnsCuosO4 (Ln exchange interactions between the empty,elMn** orbital
= La, Pr, Nd). Figure 6 shows the variation of magnetic and the half occupied,sl.,, orbital on the JT distorted Cti
susceptibility with temperature for LaSrgCu s04. There cation. However, the maximum in susceptibility at 87 K is
is a maximum afy = 87 K, again suggesting AFM ordering. indicative of AFM coupling within the perovskite layers.
The plot of inverse susceptibility versus temperature (see NPD gives no evidence of long-range ordering of manganese
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Figure 6. (a) Magnetic susceptibility versus temperature plot of LaSyMh sO4 in applied field of 2000 Oe, ACMS data collected with amplitude 10 Oe,
and inset (b) inverse susceptibility versus temperature plots, AFCHC (), and ACMS () data shown.
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Figure 7. (a) Magnetic susceptibility versus temperature plot of Prg@ug sO4 in applied field of 2000 Oe, ACMS data collected with amplitude 10 Oe,
and inset (b) inverse susceptibility versus temperature plots, AFCHC (#), and ACMS () data shown.
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Figure 8. (a) Magnetic susceptibility versus temperature plot of NdSy#u sO4 in applied field of 2000 Oe, ACMS data collected with amplitude 10 Oe,
and inset (b) inverse susceptibility versus temperature plots, AFCHC (#), and ACMS (-) data shown.
and copper and MA—Mn*" and Cd"—Cuw" exchange  observed for LaSrMisClosOs. Both materials show a
interactions would give rise to AFM ordering within layers. maximum in susceptibility, indicating AFM ordering. The
Nevertheless, it is possible that small FM clusters of ordering temperatures are similar to that found for LaSyin
manganese and copper exist, these clusters being aligne€u, 50, (Ty = 112 K for PrSrMp sCuy 504, Ty = 102 K for
antiferromagnetically with one another. Susceptibility mea- NdSrMm sCuy 504, compared withly = 87 K for LaSrMny s
surements for PrSrMirCu 50, and NdSrMg sCup 504 (see Cuw 504), suggesting that the nature of the lanthanide cation
Figures 7 and 8) are qualitatively very similar to that has little influence on the magnetic ordering of these
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materials. Above the ordering temperature, the inverse related systems. Fluorination studies of LaSrMma@d La-
susceptibility of both samples varies linearly with temperature CuQ, would also suggest that the oxidation of #¥rio Mn**
and the Curie-Weiss paramagnetic moment calculated is is a more facile process than that of Luto CuU':
significantly higher than that observed for LaSri@ u sOa, fluorination of LaSrMnQ gives LaSrMnQF; 7 as the fully
but very similar for both these materiajg.¢ = 4.24 ug for fluorinated product with a manganese oxidation state of
both, compared with theoretical values of 467and 4.70 -+4.7 18 while the maximum fluorine content of the copper
ug for PrSrMny sCuy 504 and NdSrMp sCup 504 respectively, analogue is much lower, the fully fluorinated product being
assuming that the B site is occupied by Mrand Cid"). La,CuOyFo 41 With a copper oxidation state af2.411° The
The increased paramagnetic moment in these two sampleCurie—Weiss paramagnetic moment obtained for LaSy¥n
is due to the magnetic moments on the lanthanide cationsCu, 50, also supports this conclusion.
incorporated onto the A site. Again, these samples have ]
positive Weiss constant$ & 18.61 K for PrSrMnQ), 6 = Conclusions
1.43 K for NdSrMnQ), suggesting some ferromagnetic  In conclusion, we present here the synthesis and structural
interactions. These measurements suggest that the magnetignd magnetic characterization of tme= 1 RP series
behavior of LnSrMpsCuos0; is very similar for Ln= La, LaSrk_yMnosClysO4 for x = 0.75, 1, 1.25, and 1.5 as well
Pr, Nd, with the lanthanide cation not influencing the as PrSrMpsCuysOs and NdSrMigCly sO4. Rietveld analysis
magnetic ordering. This is in contrast to the systemNd  of XRPD data indicates that the materials exhibit significant
Sr1.sMnQ;, in which the moments on the Ridcation order  Jahn-Teller distortions which become more pronounced with
at 21 K13 The absence of magnetic ordering on the lanthanide increasing L&' content and this is confirmed by bond lengths
sublattice in these mixed manganesepper systems may obtained from Rietveld analysis of NPD data. The materials
be a result of the increased disorder of the system. TheLnSrMnsCuysO4 (Ln = La, Pr, Nd) are believed to contain
disorder of Ln and Sr over the A sites, coupled with the Mn*" and C@* ions and magnetic measurements suggest
disorder of manganese and copper over the B site in thesesome evidence of FM interactions at higher temperatures,
materials, would lead to a very varied local environment for pefore long-range AFM ordering is observed on cooling.
the lanthanide cations and would perhaps reduce theirLa; sSrsMnosCusOs displays more complex magnetic
tendency to order. behavior; the susceptibility goes though a broad maximum
B Cation Oxidation State in LnSrMn sCuosO4. These  and may indicate a canted arrangement of moments due to
LnSrMnosClos04 (LN = La, Pr, Nd) materials have an competing FM interactions which dominate at higher tem-
average B cation oxidation state #f3 and could contain  peratures, and AFM interactions which increase in strength
either MF*—Cu?**, Mn**—Cuw?*, or a mixture of both  on cooling.
combinations. From consideration of bond lengths, it is
difficult to differentiate between the three possible combina- ~ Acknowledgment. We thank EPSRC for financial support
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