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A B S T R A C T

A detail study has been performed for the Sm0.50Ca0.25Sr0.25MnO3 compound in its single crystalline form. Distinctly different nature in their magnetocaloric
responses (with temperature and external magnetic field variation) were found depending upon the direction of the external magnetic field. Additionally, we have
constructed magnetic phase diagram from the magnetic and magnetocaloric effect. Different features in magnetic phase diagram were addressed considering the
shape induced magnetic moments configuration in different orientation.

1. Introduction

Magnetocaloric effect (MCE) gets an utmost importance in the front
line research regarding the demand of environment friendly cooling
technology at the present time [1–10]. MCE is the measure of iso-
thermal magnetic entropy change (ΔS) or adiabatic temperature change
(ΔT) of any magnetic materials in the presence of external magnetic
field [11,12]. For any magnetic materials, variation of the magnetic
entropy change is very much influenced at the vicinity of the disorder-
order (paramagnetic-ferromagnetic) transition. In general, with de-
creasing temperature from its paramagnetic(PM) (magnetic disorder)
state it shows a long range magnetic ordering (ferromagnetic) below
transition temperature [13–15]. From the isothermal magnetization
data, variation of the temperature dependent of magnetic entropy
change (ΔS) can be calculate by using Maxwell’s thermodynamic rela-
tion (MR) [16] which is given below

∫= ∂ ∂S M T dHΔ ( / )
H

0 (1)

The situation become quietly different for the existence of the strong
irreversibility in magnetization [17–19]. Such ambiguity can be con-
quered by the appropriate correction as indicated by Paramanik et al.
for the polycrystalline Dy5Pd2 compound to construct the magnetic
phase diagram from the magnetocaloric effect [20]. In case of the
doped perovskite manganites, generally correlated nature of the mag-
netic and magneto-transport properties are found [21–23]. In many
situations, MCE study was used as a powerful tool to understanding the
complicated electrical transport and magneto-transport properties of
several materials having different types of the magnetic transition

[24–27]. Generally, for the second order phase transition (SOPT), MR
was used frequently to calculate the magnetic entropy change. How-
ever, for the materials having first order magnetic phase transition
(FOPT), the magnetocaloric effect were reported earlier [28–33]. In
several cases, large MCE were reported using Maxwell’s relation (MR)
[30–32]. Regarding this context many authors have disputed about the
numerical values of MCE determined using MR [29,34–36]. Moreover
for the samples having large hysteresis and FOPT, MCE calculation
using Clausius-Clapeyron equation (CC) also reported [37–39]. Con-
sidering above all the facts recently Kataoka et. al. and Flores et al.
reported their results about the applicability of MR in case of materials
having FOPT [40,41].

Among the perovskite manganite materials except −La x1 CaxMnO3

and −La x1 SrxMnO3, the most well studied compound is −Sm x1 BxMnO3

(B=Ca, Sr). Due to its fascinating transport, magneto-transport and
magnetic properties with different values of ‘x’ and choice of bivalent
elements (B), this compound attracts a substantial attention to the on
going research in this field [42–45]. During last few years, Sm-Ca-MnO3

system was widely studied in their polycrystalline as well as nano-
crystalline forms [44,46]. However, comparatively a less effort was
paid to study the physical properties in the single crystalline form of the
compound. To explore the underlying physical origin of several prop-
erties as well as for technological point of view, single crystalline forms
of compound is much more superior compared to polycrystalline
sample [47–49]. A numerous physical properties were greatly modified
due to the distinct grain boundaries effect. Whereas, in single crystal
forms, compound exhibits much more smooth intrinsic response
[50–54].

Apart from external magnetic field, magnetic and magneto-
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transport properties of spontaneously phase separated doped manganite
are greatly defer with temperature as propagation of nucleated ferro-
magnetic patches take place with temperature variation [55]. Ac-
cording to the reported studies on Sm0.5Ca0.5MnO3 compound, the
charge ordering transition is near to 250 K and it shows robust charge
ordered state in nature [56,57]. At T= 4.2 K, the required magnetic
field is H~ 600 kOe to melt this charge ordering [58]. As
Sm0.5Sr0.5MnO3 is a disordered ferromagnetic (FM) compound at low
temperature [59,60], so by doping of Sr-ions in the place of Ca-ions,
charge ordering become weaken and critical melting field also reduced
and extreme value of magnetoresistance was achieved. Very recently
Banik et al. had reported a novel route to destabilize the charge ordered
phase by partial doping of Ca-site by Sr-ion having larger ionic radius
[61]. In their study it was reported that charge ordered state of poly-
crystalline Sm0.5Ca0.25Sr0.25MnO3 (SCSMO) compound is melted in
presence of H~ 48 kOe external magnetic field at T=2 K, resulting a
huge magnetoresistance ~1015% for this optimal doped compound
[61]. The modification of the ground state with external magnetic field
as well as doping also analyzed through the Monte Carlo simulation
[61]. However, the general effect of the grain boundaries on the phy-
sical properties can not be neglected in case of the polycrystalline
compound [61]. Moreover, due to the reduction of grain boundary ef-
fect, filed induced meta-magnetic transition may be expected at lower
field values. Considering those mentioned context, we have prepared
the single crystalline Sm0.5Ca0.25Sr0.25MnO3 (SCSMO) compound and
studied its magnetic and magnetocaloric properties in detail.

For any magnetic materials, the magnetic phase diagram plays an
important role to elucidate the nature of magnetic ground state of a
compound[62–66]. The general techniques used to generate magnetic
phase diagram are neutron diffraction, magnetization etc. The neutron
diffraction is much more involved measurement technique, which re-
quires much bigger infrastructure in comparison with the others. For
that reason, the study of magnetization is generally used to generate the
magnetic phase diagram due to its simplicity in measurement tech-
nique. There also an alternative way to deduce the magnetic phase
diagram namely magnetocaloric effect (MCE). Very few authors have
used this efficient method to generate magnetic phase diagram
[67–69]. Another important point is that, due to the absorption of
neutrons in normal Gd and Sm-based compounds, it is very difficult to
use this technique (neutron diffraction) to generate magnetic phase
diagram for such compounds. Considering those facts MCE technique
was utilized to generate the magnetic phase diagram of Sm-based single
crystalline like our SCSMO compound. Regarding the context of the
necessity of generation of magnetic phase diagram, it is worth men-
tioning that the ground state of the SCSMO compound was markedly
modified with the external magnetic field as described by Banik et al.
earlier [61]. Henceforth, to fully make clear the ground state mod-
ifications via external magnetic field, we have constructed the magnetic
phase diagram of the single crystalline SCSMO compound.

Our experimental results suggest that the charge ordered state in the
single crystalline compound becomes more weaken compared to its
polycrystalline form. Additionally, the constructed magnetic phase
diagram explains the modification of the ground state depending upon
the direction of the external applied magnetic field. Regarding the issue
of construction of phase diagram, it is worth mentioning that the cri-
tical parameters were deduced from temperature and field dependence
of magnetization (M(T) and M(H)) and magnetic entropy change (ΔS
(T)) data. For magnetic entropy change calculation, MR was utilized in
this study as there is no role of the magnitude of the magnetocaloric
entropy change.

2. Experimental details

The polycrystalline SCSMO compound was prepared by conven-
tional solid-state reaction method by using high purity Sm2O3

(99.99%), CaCO3 (99.95%), SrCO3 (99.995%) and MnO2 (99.9%)

powders. Before use, Sm2O3 was preheated at 800 °C for overnight.
Well-mixed powder of all the above mentioned raw materials in a
stoichiometric ratio was heated at 900 °C for 48 h.with intermediate
grindings. The polycrystalline SCSMO compound was then reground
and pressed into seed and feed rods of 6mm in diameter under hy-
drostatic pressure. Finally, the rods were sintered at 1300 °C for 72 h. in
air. The single crystals of SCSMO were grown in a four-mirror image
furnace (Crystal System Co.) with the help of traveling solvent floating
zone technique in the atmosphere of oxygen to avoid oxygen deficiency.
During the growth process, the feed and seed rods were rotated at a
speed of 25 rpm in opposite directions and the growth rate was main-
tained at 3.0mm/h.

For basic characterization, X-ray diffraction study at room tem-
perature was performed using Rigaku TTRAX-III diffractometer with
Cu-Kα source. Profile fitting, using Rietveld refinement technique in-
dicates the single phase nature of the compound. Magnetic measure-
ments were performed by utilizing a super conducting quantum inter-
ference device (SQUID) (Quantum Design) in the temperature range
2–380 K and magnetic field up to 70 kOe. The magnetic properties of
the compound were measured along two different orientations of the
sample with respect to magnetic field direction which were noted in
this manuscript as H‖ G.D. and H⊥ G.D. (G.D. represents growth di-
rection of the single crystal). Regarding this context, information about
the G. D. is very important. Recently, Radheep et al. had reported the
detailed characterization of Sm0.55(Sr0.5Ca0.5)0.45MnO3 compound in its
single crystalline form (very close to our studied SCSMO compound)
and pointed out that G. D. as the C-axis [70]. Additionally the extracted
lattice parameters are almost identical with our present studied system.
Hence it may be argued that the G. D. is along the C-axis in the present
case also.

3. Results and discussion

3.1. X-ray diffraction

The Rietveld refinement (profile fitting) technique was used for the
structural analysis of as cast powdered SCSMO single crystal with
Fullprof software. The room temperature X-ray diffraction pattern
along with the profile fitting data is shown in Fig. 1. Our study indicates
the chemically single-phase nature of the compound, yielding an or-
thorhombic crystal structure with the Pnma space group. No impurity
peak has been observed over the whole range of diffraction pattern. The
unit cell parameters determined from the profile fitting analysis are
a= 5.421(5) Å, b= 5.412(5) Å, and c=7.569(4) Å which gives a unit
cell volume of 222.154(5) Å3.

Fig. 1. Room temperature X-ray diffraction pattern along with the profile fit-
ting data for powdered single crystalline Sm0.5Ca0.25Sr0.25MnO3 compound.
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3.2. Magnetic properties

To explore the magnetic ground state of the single crystalline
compound, magnetization (M) as a function of the temperature (M-T) in
the presence of different external magnetic fields have been carried out.
M-T data were recorded in three different protocols namely zero field
cooled warming (ZFCW), field cooled cooling (FCC), and field cooled
warming (FCW).

Temperature dependence of magnetization (M-T) for three different
applied magnetic fields along both the directions viz H⊥ G.D. and H‖
G.D. of the single crystal have been shown in Fig. 2. At low fields, there
is a hump observed at T < 50 K in the ZFCW magnetization data which
may be the spin-blocking temperature. This spin-blocking temperature
started to shift toward lower temperatures with increasing applied
magnetic fields and it started to disappear at high magnetic fields. A
strong irreversibility can be seen in between FCC and FCW magneti-
zation curves at low fields (10 kOe and 35 kOe), which is nothing but
the signature of the coexistence of different magnetic phases and this
phase coexistence is suppressed with further increase of applied mag-
netic field. This strong irreversibility present in the sample may be
linked to the presence of large magnetostriction[19]. One can clearly
see that the magnetization increases very quickly upon application of
10 kOe magnetic field along H‖ G.D. orientation as compared to H⊥

G.D. orientation. This may be because the easy axis of the single crys-
talline compound lies along the growth axis of the compound. Now, to
further investigate the ground state of the system in presence of ex-
ternal perturbation i.e magnetic field in our case, we have been mea-
sured M-T by three different protocols along both the directions of the
sample as shown in Figs. 3 and 4. From these M-T data, the noticeable
antiferromagnetic (AFM) transition appears at T~ 150 K in ZFCW, FCC
and FCW protocols (Fig. 3)). With further lowering the temperature,

compound goes to a ferromagnetic (FM) state at T~ 100 K. The shifting
of the transition temperature towards higher value appeared with the
application of different magnetic fields. Such nature has been reported
earlier in different compounds [20]. Regarding this context, it is worth
noting, the existence of spin blocking in the ZFCW data even in single
crystalline sample. In addition to that, even in presence of very small
magnetic field, the ferromagnetic nature of the sample exists at low
temperature. Hence it may be argued, the spin blocking in ZFCW
magnetization is associated with the breaking of the collinear ar-
rangement of magnetic moments at the interface of ferromagnetic and
AFM unit cells. In contrast to that different nature in magnetization was
found when magnetic field was applied along the growth axis of the
sample. In this case the AFM signature was hidden at high temperature.
However, the decreasing nature in magnetization was found at lower
temperature in ZFCW protocol similar as cross-sectional (H⊥ G.D.)
magnetization measurement.

For deeper understanding about the low temperature ground state,
the magnetization as a function of magnetic field (M-H) have been
carried out in both orientations of the sample with respect to magnetic
field. The measured M-H data at T= 2 K is shown in Fig. 5. In case of
H⊥ G.D. (Fig. 5(a)), magnetization increases linearly with magnetic
field up to 25 kOe, response as AFM nature of the ground state. Above
25 kOe magnetic field, meta-magnetic transition takes place and mag-
netization rapidly increases with the magnetic field and reach the sa-
turation. However, the isothermal magnetization measured along H‖
G.D. direction exhibits distinct behavior compared to the H⊥ G.D.
measurement. Along H‖ G.D. magnetization, at very lower value of
magnetic field, ferromagnetic like nature was initiated. But the value of
the magnetization is very small compared to the saturation value. The
saturation magnetization appears followed by two step like meta-
magnetic transitions. First meta-magnetic transition take place at

Fig. 2. Temperature dependence of Magnetization measured at 10 kOe, 35 kOe and 70 kOe magnetic fields in ZFCW, FCC and FCW protocols for single crystalline
Sm0.5Ca0.25Sr0.25MnO3 compound. Magnetization was measured when magnetic field was applied perpendicular to the growth axis of the crystal ((a) H⊥ G.D.) and
also along the growth axis direction ((b) H‖ G.D.) of the sample. The black curve represents the ZFCW data, Olive curve represents the FCC data and pink curve
represent the FCW data. The arrow marks are for the guidance of the observer.

Fig. 3. Magnetization as a function of temperature at different external magnetic field in ZFCW, FCC and FCW protocols for single crystalline Sm0.5Ca0.25Sr0.25MnO3

compound. Magnetization was measured when magnetic field was applied perpendicular to the growth axis (H⊥ G.D.) of the sample.
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H=27 kOe. Whereas, second transition appears at H=45 kOe. After
subsequent field cycling, the sample reveals soft ferromagnetic nature
implying the irreversible transition between the charge-ordered and FM
state pointing towards the reduction of the canting angle of the AFM
phase with increment of magnetic fields. It has been reported pre-
viously by Dho et.al that this kind of irreversible nature of magneti-
zation is observed in Pr-based manganites [71]. According to their
study, the spin moments of Mn ions are pinned by the magnetically
ordered Pr-moments and block their moments in the saturated region
which is responsible for this irreversible nature. In our case, Sm ion may
play the same role, but the meta-magnetic steps observed in this com-
pound may not be influenced by the magnetic nature of the A-site ca-
tions [72]. This occurrence of meta-magnetic steps may be explained by
the scenario of the martensitic-like transition [73,74].

Both temperature and magnetic field dependent magnetization
study for the single crystalline SCSMO sample indicates that the ground
state nature is quietly different depending upon the direction of the
applied magnetic field. To summarize the above mentioned experi-
mental results, a decreasing nature in magnetization was found in
ZFCW protocols for both cases (shown in Fig. 3 and Fig. 4)). In addition
to that, after meta-magnetic transition along H⊥ G.D. direction, mag-
netization increases almost linearly having different slope before sa-
turation. However, magnetization measured along H‖ G.D. direction
exhibits two sharp transition at H=27 and 45 kOe magnetic fields.

3.3. Magnetocaloric effect

To visualize the complicated nature of the magnetic ground state,
study of MCE has drawn considerable attention. We have calculated the
change of magnetic entropy along both the orientations of the sample
under application of various magnetic field. The MCE effect was cal-
culated from the temperature dependent magnetization (measured in

different protocols) by employing Maxwell’s thermodynamic relation as
given Eq. (1). Calculated magnetocaloric entropy change with tem-
perature at different external magnetic field along both the orientations
have been shown in Fig. 6. In addition to a very bare signature of AFM
transition at T~ 150 K (Fig. 6(a)), a pronounced ferromagnetic transi-
tion was found at T~ 75 K in all protocols. Below 50 K, no transition
signature appears in FCC and FCW protocols. However, in ZFCW pro-
tocol, magnetocaloric entropy change, − ΔS alter its sign i.e. inverse
magnetocaloric effect (IMCE) has been observed and with lowering the
temperature it goes towards zero, like an AFM signature. Qualitatively
similar nature also present in calculated − ΔS(T) data along H‖ G.D.
direction of the sample (Fig. 6(b)) except the high temperature AFM
phase.

As reported earlier, it is clear that in the presence of the external
magnetic field, FM transition temperature shifts towards high tem-
perature and AFM transition temperature shifts towards lower tem-
perature region [16]. However, in our studied sample due to the pre-
dominant effect of the competing FM phases, the AFM like transition at
low temperature is almost inert irrespective of the magnetic field. To
avoid such ambiguities, the varying base field technique is more ap-
propriate as described by Paramanik et al. [16]. Additionally, for
magnetic phase diagram construction, extraction of the critical para-
meters by using this method is the most accurate technique [16].
Considering this point, we have calculated magnetocaloric entropy
change for magnetic field change of 5 kOe from its initial field value
along both the orientation of the compound only for ZFCW protocol.
From Fig. 7(a) and (b), it is clearly visible that with increasing magnetic
field value, AFM transition at low temperature shifts toward further
lower temperature region. In addition to that the FM transition tem-
perature in both cases moves towards higher temperature regime with
increasing magnetic fields.

We have calculated the associated change of heat capacity (ΔCP

Fig. 4. Magnetization as a function of temperature at different external magnetic field in ZFCW, FCC and FCW protocols for single crystalline Sm0.5Ca0.25Sr0.25MnO3

compounds. Magnetization was measured when magnetic field was applied along the growth axis (H‖ G.D.) of the sample.

Fig. 5. Magnetization as a function of external magnetic field at T=2 K for single crystalline Sm0.5Ca0.25Sr0.25MnO3 compounds. (a) Magnetization was measured
when magnetic field was applied perpendicular to the growth axis (H⊥ G.D.) of the sample, and (b) Magnetization was measured when magnetic field was applied
along the growth axis (H‖ G.D.) of the sample.
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(T,H)) in the presence of different magnetic fields to discriminate the
influence of the magnetic phase transitions as observed in the variation
of magntocaloric entropy change data. The change of heat capacity (Δ
CP (T,H)) associated with a magnetic field variation from 0 to H is
calculated by using the following relation as described in earlier study
[75].

= −ΔC T H C T H C T( , ) ( , ) ( , 0)P P P (2)

= T δ S T H
δT

(Δ ( , ))

The changes of heat capacity calculated from magnetic entropy
changes ΔS vs T data, where the base field was taken as zero, are
plotted as a function of temperature only for ZFCW protocol both for

H⊥ G.D. and H‖ G.D. direction of the sample which is shown in Fig. 8. It
is clearly seen that ΔCP (T,H) shows a crossover from negative (T < TC)
to positive (T > TC) values around TC due to the magnetic phase
transition accompanied by an increase in the ΔCP (T,H) values with the
applied magnetic fields associated with it. Such nature of ΔCP (T,H) was
also reported previously by Nassri et al. [76]. It can be seen from the
figures that TC started shifting towards higher temperature with in-
creasing applied magnetic field, which is nothing but a FM-PM or AFM
like magnetic phase transition (FM). But in case of H⊥ G.D. direction,
above TC, the ΔCP (T,H) undergoes a sudden change from positive to
negative, reflects the short-range AFM-PM like magnetic phase transi-
tion (AFM-I) similar to the M-T as well as − ΔS vs T plots (Fig. 3 and
6(a)). Regarding this context it is worth mentioning that this

Fig. 6. Magnetocaloric entropy change as a function of temperature at different external magnetic fields in three different protocols viz. ZFCW, FCC and FCW for
single crystalline Sm0.5Ca0.25Sr0.25MnO3 compound. (a) Magnetization was measured when magnetic field was applied perpendicular to the growth axis (H⊥ G.D.) of
the sample, and (b) Magnetization was measured when magnetic field was applied along the growth axis (H‖ G.D.) of the sample.

Fig. 7. Isothermal magnetic entropy change for consecutive field values (interval 5 kOe) (− ΔS) as a function of temperature for single crystalline
Sm0.5Ca0.25Sr0.25MnO3 compound. (a) Magnetization was measured when magnetic field was applied perpendicular to the growth axis (H⊥ G.D.) of the sample, and
(b) Magnetization was measured when magnetic field was applied along the growth axis (H‖ G.D.) of the sample.
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characteristics (high temperature AFM-I -PM transition) is absent along
growth axis (H⊥ G.D.) of the sample. Similarly, the presence of low
temperature FM-AFM like magnetic phase transition (AFM-II for H⊥

G.D. and AFM for H‖ G.D. as indicated in Fig. 8)) can be noticed along
both the axes of the sample.

Another meaningful technique to detect the feeble magnetic tran-
sitions is the plotting irreversible order parameter magnetization
(measured in different protocols)[20]. Regarding this framework, it
should also be mentioned that, as the magnetocaloric entropy change is
related with the first order derivative of magnetization, hence transi-
tions should be more pronounced in calculated − ΔSirr(T) data [20]. So,
first we have calculated the irreversible magnetization, (Mirr) from the
difference of magnetizations of FC and ZFC [19] and calculated − Δ

Sirr(T) in both cases by using Maxwell’s equation of entropy (Eq. (1)).
Alternatively, we have also calculated− ΔSirr from the difference of− Δ
SFC and − ΔSZFC. The calculated value of − ΔSirr (T) in both procedures
exhibits good agrement to each other which is shown clearly in the
lower panel of Fig. 9 and 10. Different magnetic transitions associated
with the sample have been represented by the shaded areas in the lower
panels of Figs. 9 and 10. As one can clearly see from Fig. 9(c) and (f), in
the temperature range of 100 K–125 K, a peak has appeared due to the
presence of short-range AFM ordering (AFM-I) along cross-sectional
orientation (H⊥ G.D.) of the sample. This transition is further followed
by a FM like transition with further lowering the temperature. Sig-
nature of low temperature AFM ordering (AFM-II) due to the presence
of robust charge-ordered state can be clearly seen. Moreover, there is no

Fig. 8. Changes of heat capacity in the presence of different magnetic fields, calculated from the magnetocaloric entropy changes in both orientation of the sample in
ZFCW magnetization measurement protocol. The different magnetic phase transitions are marked by shaded regions in top panels of the figures.

Fig. 9. Irreversible entropy changes calculated both from taking difference between FC entropy change and ZFCW entropy change (a and d) and considering the
irreversible magnetization (MFCC-MZFCW and MFCW -MZFCW ) (b and e) in Maxwell’s equation (Eq. (1)). The irreversible entropy change, calculated in both ways give
similar results (c and f) for single crystalline Sm0.5Ca0.25Sr0.25MnO3 compound when magnetic field was applied perpendicular to the growth axis (H⊥ G.D.) of the
sample. The different magnetic phase transitions are marked by shaded regions in the lower panels of the figures.
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signature of any high temperature AFM like ordering (AFM-I) along the
growth axis (H‖ G.D.) of the sample which is also absent in − ΔSirr (T)
plots as shown in the lower panel of Fig. 10(c) and (f). This AFM-II
ordering may causes the strong irreversibility in between the FCC and
FCW data as clearly seen in M-T data of Fig. 2 and which may be re-
sponsible for the inverse nagnetocaloric effect (IMCE) at the low tem-
perature regime of ZFCW data.

The presence of these different kind of magnetic phases as discussed
in the above paragraph in case of single crystalline SCSMO along both
the orientations have also been found in different analysis like both
temperature and magnetic field dependence of magnetization (M-T and
M-H), magnetocaloric effect (ΔS vs T), changes of heat capacity (ΔCP

(T,H)), and irreversible magnetocaloric effect (− ΔSirr (T)) which were
discussed earlier in this text.

3.4. Magnetic phase diagram

As far as the experiments were concerned, almost identical critical
parameters (transition fields and transition temperatures) were ex-
tracted from different experimental protocols. From the extracted cri-
tical temperature and corresponding critical magnetic field values from
M-T, M(H), and MCE (− ΔS(T)), we have constructed magnetic phase
diagram of the single crystalline Sm0.50Ca0.25Sr0.25MnO3 compound in
different geometry (viz. H⊥ G.D. direction and H‖ G.D. orientations) as
shown in Fig. 11. The extracted critical parameters (transition tem-
peratures and critical magnetic fields) from all the measurements fol-
lowed the identical phase boundaries. From the constructed magnetic
phase diagram, it can be noticed that the PM to AFM phase boundary
(AFM-I) is almost inert with the application of the magnetic field along

H⊥ G.D. orientation of the compound (Fig. 11(a)). However, due to
further lowering of temperature, FM transition temperature shifts to-
ward higher temperature. Similarly, at very low temperature
(T < 50 K), another AFM phase boundary (AFM-II) appears and it is
shifted towards low temperature region with increasing magnetic field.
On the other hand, when magnetic field is applied along the growth axis
(H‖ G.D.), FM and low temperature AFM phase boundaries exhibits
almost same nature as H⊥ G.D. orientation. However, unlike H⊥ G.D.
H⊥ G.D. direction, inert PM to AFM phase boundary at high tempera-
ture region is absent. This indicates the presence of strong anisotropy
along two different directions of the single crystal.

4. Summary

To summarize, details magnetic and magnetocaloric effect of single
crystalline compound of Sm0.5Ca0.25Sr0.25MnO3 have been presented.
Our experimental results indicate distinct magnetic and magnetocaloric
responses depending upon the external magnetic field direction. In
addition to the general conventional approach to determine the mag-
netocaloric effect, we have out line another alternative and most ac-
curate procedure to determine the critical parameters. From the ex-
tracted critical parameters from different measurements, along
different orientation of the single crystal, magnetic phase diagram also
constructed. Study of the magnetic phase diagram may be important
from fundamental point view.
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