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I. EXPERIMENTAL WORK

A. X-ray diffraction study

The room temperature XRD data has been profile fitted using Pnma space group and

shows the single phase nature of the sample with orthorhombic structure. The low tem-

perature data has also been tried to fit with single Pnma space group but does not give

satisfactory fitting. Previously it was reported that Sm0.5Sr0.5MnO3 sample undergoes

crystallographic phase coexistence at low temperature with monoclinic P21/m symmetry[1].

Since the present sample is in between Sm0.5Ca0.5MnO3 and Sm0.5Sr0.5MnO3, we had

tried to fit the low temperature (15 K) XRD data with P21/m but it also does not give any

satisfactory fitting. Finally, fitting with Pnma+P21/m gives the best fit. We present the

extracted lattice parameters in Table. I.

TABLE I. The lattice parameters and unit cell volumes of the sample Sm0.5Ca0.25Sr0.25MnO3

Temperature (K) Space group a (Å) b (Å) c (Å) V (Å3)

300 Pnma 5.395 7.611 5.408 222.049

15 Pnma + P21/m 5.456 7.618 5.384 223.804 Pnma

15 Pnma + P21/m 5.380 10.849 7.569 441.802 P21/m

B. HRTEM study

A typical TEM image of a crystallite of the sample has been presented in Fig. 1(a). In

the marked portion electron diffraction pattern has been taken which has been shown in

the Fig. 1 (e) of the main text. The HRTEM image of the sample at room temperature is

presented in Fig. 1(b) and Fig. 1(c) is the magnified view of the small domain. It shows

the change in contrast due to the segregation of different atoms in the atomic scale. The

interplanar spacing has been shown in the figure. Here another point needs to mention that

the error bar in determining the interplanar spacing in the figure is ±0.04Å [2].
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FIG. 1. Panel (a) gives a typical TEM overview of one crystallite where two grains are visible.

Panel (b) gives a typical HRTEM overview of one crystallite. Panel (c) [a magnified view of tiny

domains in (b)] displays an example of atomic scale variation of the contrast.

 

 

FIG. 2. STEM-HAADF image and corresponding drift corrected chemical maps from the area

marked by orange box in left panel.

C. EDS Analysis

The EDS analysis in scanning transmission electron microscopy high angle annular dark

field (STEM-HAADF) mode was carried out with a ∼2 nm probe and shows that the crystal

is having highly homogeneous distribution of elements [Fig. 2]. The chemical analysis (see

Table. II) confirms the stoichiometric nature of the compound.

D. Thermoremanent magnetization measurements

Thermoremanent magnetization measurements were carried out by the following protocol:

the sample was cooled down from the room temperature in the presence of 100 Oe external

magnetic field and the magnetization data was recorded (denoted by 100 Oe FCC in Fig. 3).

The 100 Oe FCC data indicates the presence of very small fraction of ferromagnetic phase.

After reaching the specified temperature (T = 2 K), magnetic field increases from 100 Oe
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TABLE II. The EDS analysis of the sample Sm0.5Ca0.25Sr0.25MnO3

Element Atomic %

O (K) 59.39

Ca (K) 4.94

Mn (K) 20.43

Sr (K) 5.71

Sm (L) 9.50
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FIG. 3. Magnetization as a function of temperature measures at H = 100 Oe external magnetic

field. Blue curve is the magnetization during cooling of the sample (at H = 100 Oe). Red curve

(linear scale in the inset) is magnetization during warming in the presence of H = 100 Oe external

magnetic field (before starting measurements (at T = 2 K) the field cycled from 100 Oe to 70 kOe

to 100 Oe).

to 70 kOe and stayed for some time (approximately 5 mins). After that magnetic field was

reduced to 100 Oe and magnetization data was recorded during warming cycle (see Fig. 3).

During the warming cycle the system changes to a paramagnetic phase at 60 K.
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E. Heat Capacity Measurements
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FIG. 4. Left axes: C/T as a function of temperature (C is heat capacity) in the absence and

in the presence of 70 kOe external magnetic field. Right axes: Temperature dependence of the

magnetization measured in presence of 70 kOe magnetic field.

Around 120 K, magnetization data measured at 70 kOe field also shows a sharp increase

like paramagnetic to ferromagnetic transition [see Fig.4]. Thus the kink at 120 K in the

heat capacity is associated with the paramagnetic to ferromagnetic transition. Though in

the virgin sample around 120 K there is an antiferromagnetic transition as observed from

the derivative of M(T) data in 100 Oe field. Therefore, it can be concluded that 70 kOe

field converts the AFM fraction to FM phase which results in the rise in the peak in C/T

versus T data (see Fig. 4). Additionally, the sharper increasing nature of C/T below 15 K

is observed which is due to the magnetic ordering of Sm3+ ions[3, 4].
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F. Sweep rate dependent magnetization

Isothermal magnetization (at 2 K) has been measured in ZFC mode for different field

sweep rate (10 Oe/sec and 200 Oe/sec) and the corresponding plot is presented in Fig. 5. For

lowest sweep rate (10 Oe/sec) jump occurs at higher field compared to that of the maximum

sweep rate. For lower sweep rate lattice has adequate time to accommodate the induced

interfacial strain between AF and FM domains but for higher sweep rate strain propagates

rapidly and conversion to FM phase take place. This scenario indicates the martensitic

nature of the transition.
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FIG. 5. Isothermal magnetization as a function of external magnetic field at 2 K temperature for

different field sweep rate 10 Oe/sec and 200 Oe/sec.
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G. Resistivity Relaxation study at 25 K

To investigate the dynamics of the resistivity jumps we performed resistivity relaxation

measurements at T = 25 K (sample was ZFC from room temperature down to 25 K) by

applying three different magnetic fields (H1, H2, H3) smaller than the HCR as shown in Fig.6.

Resistivity of the sample as a function of time shows resistivity jumps at different incubation

time. The incubation time, time spent before the jumps, increases from∼20 Sec to ∼1000 Sec

with decrease in the applied magnetic field. For the fixed temperature (25 K), with decrease

in the applied magnetic field the elastic barrier height (arises due to the lattice strain at low

temperature discussed earlier) increases and for that reason system needs more incubation

time to overcome the elastic barrier for burst-like growth of the ferromagnetic fractions in the

expense of the antiferromagnetic components. This type of relaxation behavior is generally

the characteristics of standard martensitic transformations[5–9].
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FIG. 6. Evolution of resistivity with time at 25 K for different applied magnetic fields (H1,H2,H3)

such that H1 < H2 < H3 < HCR.
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II. MODEL HAMILTONIAN AND METHOD

We consider following two-band double-exchange model [10] for eg electrons, Hund’s

coupled to t2g (Mn core spins) in a square lattice:

H = −
αβ∑

〈ij〉σ

tijαβc
†
iασcjβσ − JH

∑

i

Si.σi

+ JAF

∑

〈ij〉

Si.Sj − λ
∑

i

Qi.τ i +
K

2

∑

i

Q2
i +

∑

i

(εi − µ)ni. (1)

Here, c (c†) is the annihilation (creation) operator for eg electrons and α, β are the two Mn-

eg orbitals dx2−y2 and d3z2−r2. tijαβ are hopping amplitudes between nearest-neighbor sites

in x and y directions: txaa = tyaa ≡ t, txbb = tybb ≡ t/3, txab = txba ≡ −t/
√
3, tyab = tyba ≡ t/

√
3. JH

is the Hund’s coupling between eg electron spin σi and t2g spin Si at site i. The eg electrons

are also coupled to Jahn-Teller phonons Qi by λ. J is antiferromagnetic super-exchange

coupling between the t2g spins. We treat Si and Qi as classical variables [11, 12] and adopt

the double-exchange limit [10] , i.e. JH → ∞. We set K (stiffness of Jahn-Teller modes)

and |Si| to be 1. This well studied model Hamiltonian qualitatively reproduces the phase

diagram of manganites. The chemical potential µ is adjusted to fix the the electron density

at 0.5. We include effect of disorder by adding
∑

i εini term to the Hamiltonian, where εi is

the quenched disorder potential.

We applied Monte-Carlo simulation to the classical variables Si and Qi, and an exact

diagonalization scheme is employed to the fermionic sector (eg electrons). We used travelling

cluster approximation (TCA) [13] based Monte-Carlo to handle large system size (24 × 24

lattice). We annealed the randomized classical spins Si and lattice distortions Qi in an

arbitrary quenched disorder configuration, and anneal down from temperature T = 0.1t (t is

the hopping parameter). The resistivity, in units of h̄a/πe2 (a: lattice constant) is obtained

by calculating the dc limit of the conductivity using the Kubo-Greenwood formalism [14, 15].

The magnetic structure factor at wave vector q = (0, 0) is calculated from S(q) = 1
N2

∑
ij

Si · Sj e
iq·(ri−rj). Physical quantities, i.e. resistivity are averaged over ten different disorder
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configurations in addition to the thermal averages taken during the Monte Carlo simulations.
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