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MAGNETIC PROPERTIES OF Pr1�xSr1+xMnO4(0:3 � x � 0:8) SINGLE CRYSTALS� ��C.V. Tomy, Rakesh KumarDepartment of Physi
s, IIT Bombay, Mumbai 400 076, IndiaG. Balakrishnan, M.R. Lees and D. M
K PaulDepartment of Physi
s, University of Warwi
k, Coventry, CV4 7AL, UK(Re
eived July 10, 2002)We report the magneti
 properties of Pr1�xSr1+xMnO4 single 
rystalsin the 
omposition range 0:3 � x � 0:8. All the 
ompositions studiedshow highly anisotropi
 spin-glass type magneti
 ordering at low temper-atures. Some of the 
ompositions (x > 0:6) exhibit a broad maximumin the magneti
 sus
eptibility above 100 K, highlighting the 2D magneti
intera
tions in these 
ompounds. A possible 
harge ordering transition isobserved around 265 K for the x = 0:8 
ompound.PACS numbers: 75.30.Cr, 75.30.Gw, 70.50.Lk1. Introdu
tionThe hole-doped single layer 
ompounds La1�xSr1+xMnO4, that 
rystal-lizes in the K2NiF4 stru
ture, have been investigated by several groups [1�3℄.The x = 0:5 
ompound exhibits 
harge/orbital ordering at �230 K and avariety of magneti
 ordering at lower temperatures. We present the prepa-ration of single 
rystals of the isostru
tural 
ompound, Pr1�xSr1+xMnO4(0:3 � x � 0:8) and the detailed investigation of their magneti
 properties.2. ExperimentalPr1�xSr1+xMnO4 single 
rystals were prepared by the �oating zonemethod using a four-mirror infrared image furna
e. The 
rystal growth wasperformed under di�erent gas atmospheres of oxygen/argon for di�erent� Presented at the International Conferen
e on Strongly Correlated Ele
tron Systems,(SCES02), Cra
ow, Poland, July 10�13, 2002.�� The experimental work was 
arried out at Warwi
k university and CVT would liketo a
knowledge a fellowship from the INSA-Royal So
iety ex
hange program to workat Warwi
k university. (1493)
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ompositions [4℄. The magnetization was measured using a SQUID Mag-netometer (MPMS, Quantum Design, USA). Both the sample geometries,Hjj ab and Hjj 
, were used for the measurements.3. Results and dis
ussionsThe well studied 
ompound, La0:5Sr1:5MnO4 has been shown to exhibitsimultaneous 
harge [1, 2℄ and orbital ordering [3℄ above the magneti
 or-dering temperature. The 
harge ordering is seen as an expli
it dis
ontinuityin the sus
eptibility at around 230 K. However, the magneti
 sus
eptibilityof Pr0:5Sr1:5MnO4 (x = 0:5) does not reveal any anomaly related to 
hargeordering (see Fig. 1). The magneti
 sus
eptibility goes through a broadmaximum around 130 K, and shows a magneti
 ordering at low tempera-tures (�20 K). The magneti
 ordering temperature is found to be dependent
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Fig. 1. ZFC and FC magneti
 sus
eptibility as a fun
tion of temperature forPr0:5Sr1:5MnO4 (x = 0:5) 
ompound for H jj ab and H jj 
 (inset) at two di�erentapplied �elds, H = 1 kOe and 10 kOe.on the applied magneti
 �eld, but the broad hump in sus
eptibility is in-dependent of the magneti
 �eld. The broad maximum in sus
eptibility isalso shown by other 
ompositions with x = 0:6 and 0.7. These broad max-ima in sus
eptibility may 
orrespond to strong 2D magneti
 intera
tions inthese 
ompounds. The magneti
 sus
eptibility of Pr0:2Sr1:8MnO4 (x = 0:8)as a fun
tion of temperature is shown in Fig. 2. The sus
eptibility showsan anomaly around 265 K, whi
h is reminis
ent of a 
harge ordering typebehavior. This anomaly is present in both ZFC and FC data in both the
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 Properties of : : : 1495sample geometries. The anomaly at lower temperature (�50 K) may 
or-respond to a spin-glass type magneti
 ordering generally observed in thesetype of 
ompounds. Preliminary spe
i�
 heat measurement analysis showsthat the anomaly in the sus
eptibility at 265 K manifests itself as a 
hangein the slope of the heat 
apa
ity vs temperature 
urve [4℄. The 
hargeordering behavior observed in Pr0:2Sr1:8MnO4 is similar to that found inPr0:25Ca1:75MnO4 [5℄, where the high resolution ele
tron di�ra
tion mea-surements reveal a �1-3� Mn3+/Mn4+ 
harge ordering. Detailed ele
trondi�ra
tion and neutron di�ra
tion measurements are required to as
ertainthe exa
t nature of the 
harge ordering in Pr0:2Sr1:8MnO4.
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Fig. 2. Temperature variation of the ZFC and FC magneti
 sus
eptibility forPr0:2Sr1:8MnO4(x = 0.8) for H jj ab and H jj 
 (inset).All the Pr1�xSr1+xMnO4 
ompounds (0:3 � x � 0:8) show spin-glasstype magneti
 ordering at low temperatures that 
an be determined fromthe di�eren
e between the ZFC (zero �eld 
ooled) and FC (�eld 
ooled)sus
eptibility below the magneti
 ordering from Fig. 1 as well as in Fig. 2.Further eviden
e for the development of a small magneti
 moment at lowtemperatures is evident from the �eld dependen
e of magnetization. Fig. 3shows a typi
al M vs H 
urve for the x = 0:3 
ompound. At 2 K (for Hjj 
),a 
lear hysteresis exists with a non-zero remnant magnetization. However,no su
h hysteresis exists for Hjj ab. It is interesting to note that the mag-neti
 properties are highly anisotropi
, highlighting the 2D nature of these
ompounds. The nature of magneti
 ordering and the sus
eptibility valuesare very mu
h di�erent in the two orientations, as evident from Figs 1�2.
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Fig. 3. Magnetization as a fun
tion of applied �eld for Pr0:7Sr1:3MnO4 (x = 0:3)for H jj 
 and H jj ab (inset).In 
on
lusion, we have shown that Pr1�xSr1+xMnO4 
ompounds showanisotropi
 magneti
 properties in a

ordan
e with their 2D nature. Theyexhibit spin�glass type magneti
 ordering at low temperatures. A possible
harge ordering is seen at 265 K for the x = 0:8 
ompound.REFERENCES[1℄ Y. Moritomo et al., Phys. Rev. B51, 3297 (1995).[2℄ B.J. Sternlieb et. al., Phys. Rev. Lett. 76, 2169 (1996).[3℄ Y. Murakami et al., Phys. Rev. Lett. 80, 1932 (1998).[4℄ C.V Tomy et al., to be published.[5℄ C. Autret et al., Chem. Mater. 13, 4745 (2001).


