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Abstract:Low field magnetic and magnetocaloric properties of the compound LaMn1.9Fe0.1Si2 have 
been investigated. Using the M-H data measured at various temperatures, we have derived the 

magnetic entropy change S∆  as a function of temperature and magnetic field, by using the 
Maxwell relation. The temperature dependence of the Landau coefficient has been derived by 
fitting the magnetization, using the Landau expansion of magnetic free energy and Arrott plots. The 
results show that LaMn1.9Fe0.1Si2 is ferromagnetically ordered around room temperature (285 K) 
and the nature of the phase transition at this temperature is found to be second order. 

 
                                 
1.Introduction 
The magnetic properties and structures of the ternary rare-earth compounds RT2X2, where R is the rare 
earth metal, T is the transition metal and X is Si or Ge, with tetragonal ThCr2Si2-type structure (space 
group I4/mmm) have recently been studied extensively [1-6]. In early studies, the LaMn2Si2 compound 
was considered as a simple ferromagnet with a Curie temperature Tc=305 K [1,2]. Based on the neutron 
diffraction and Mössbauer studies, it was reported that LaMn2Si2 has a canted ferromagnetic structure 
(Fmc) at temperatures T<Tc and in-plane antiferromagnetic structure at T>Tc up to TN=470 K [3,4]. In 
addition to the canted ferromagnetic structure, the conical magnetic arrangement (Fmi) was observed 
around Th

≈ 45 K. In the last decade, the magnetic properties of the R(1)1-xR(2)xMn2X2 systems were 
extensively studied [7-11]. The substitution of Fe or Co for Mn on LaMn2-xTxSi2 systems results in a 

decrease of the value of 
a

MnMnd
−  due to the size effects. This substitution should induce the transition from 

ferromagnetic to antiferromagnetic alignment in adjacent Mn layers [6]. The X-ray diffraction patterns 
showed that LaMn2-xFexSi2 compounds are single phase and the lattice parameters a, c and unit cell 
volume V of LaMn1.9Fe0.1Si2 were found to be 4.1088 Å, 10.6034 Å and 179 Å3, respectively [5]. The 
nature of the magnetic coupling in these compounds within and between the Mn layers is closely related to 

the in-plane Mn-Mn spacing 
a

MnMnd
− . Roughly, if 

a

MnMnd
− >2.87 Å, the intra-layer in-plane coupling is 

antiferromagnetic and interlayer coupling is ferromagnetic (Fmi or Fmc). If 2.84Å<
a

MnMnd
− <2.87Å, both the 

intra-layer in-plane coupling and the interlayer coupling are antiferromagnetic (AFmi or AFmc). In the case 

when 
a

MnMnd
− <2.84 Å, there is no intra-layer in-plane spin component, and the interlayer coupling 

remains antiferromagnetic (AFil) [5].  

Since the discovery of the giant magnetocaloric effect (MCE) in Gd5Si2Ge2 ( KkgJS −=∆ /5.18  under 
5 T field at Tc=276 K) [12], the number of studies in magnetocaloric materials that can be used around 
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room temperature has increased considerably. The MCE is defined as the heating or cooling (i.e. the 
temperature change) of a magnetic material due to the application of a magnetic field. This effect has been 
called adiabatic demagnetization for years, though this phenomenon is just one practical application of the 
MCE in magnetic materials [13,14]. The magnetocaloric effect was discovered in 1881, during an 
experiment performed on iron [15]. The origin of the MCE was explained independently by Debye [16] 
and Giauque [17]. Nowadays, there is a great deal of interest in using the MCE as an alternative 
technology for refrigeration, from room temperature to the temperatures of hydrogen and helium 
liquefaction (~4.2-20 K). An ideal magnetic refrigerant should work over a wide range of temperatures 
(e.g 220-330 K). The magnetic refrigeration offers the prospect of an energy-efficient and environmentally 
friendly alternative to the common vapor-cycle refrigeration technology in use today [18,19]. 
In this paper, we have investigated the low field magnetic and magnetocaloric properties of 
LaMn1.9Fe0.1Si2 with the expectation that this will exhibit MCE. The Curie temperature is measured as 285 
K which is very close to the room temperature range consistent with the values reported by other workers 
[5,6]. If high Curie temperature and magnetic behavior in the low field are considered the LaMn1.9Fe0.1Si2 

compound appears to show the MCE with second order phase transition, thus being an appropriate 
candidate for magnetic refrigerators.  
 
2.Experimental procedure 
The preparation method of the compound was given in detail elsewhere [5]. The magnetic properties were 
measured by a Closed Cycle Vibrating Sample Magnetometer (Model-7304, Lake Shore). 
 
3.Results and Discussion 
The zero field cooled (ZFC) magnetization of LaMn1.9Fe0.1Si2 with respect to temperature is given in 
Fig.1, for different applied magnetic fields. As can be seen, the magnetization increases rapidly from room 
temperature up to 270 K, then goes to slightly so-called saturation values for the individual field values. 
On the other hand, the decrease around 90 K for the field value of  200 Oe is probably due to a 
reorientation of a sub-lattice magnetization, and the conical ferromagnetic structure (Fmi) together with 
canted ferromagnetic structure  (Fmc) known to establish below 50 K which is in agreement with the ac 
susceptibility results [5].  
 

                     

0

0.5

1

1.5

2

2.5

3

3.5

4

0 30 60 90 120 150 180 210 240 270 300

T (K)

M
(e

m
u

/g
r) 20 Oe ZFC

50 Oe ZFC

75 Oe ZFC

200 Oe ZFC

 
Fig.1. Temperature dependence of magnetization of the LaMn1.9Fe0.1Si2 compound, measured for different 
field values. 
 
 
We have shown the zero field cooled (ZFC) and field cooled (FC) magnetization results, measured in a 
field of 200 Oe, in Fig.2. It is seen that there is a large difference between the FC and ZFC results. In the 
FC measurement, the sample undergoes a phase change (from an antiferromagnetic to a ferromagnetic 
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regime) during the cooling process with an external magnetic field. This gives a preferred orientation of 
the ferromagnetic components. On the other hand, in the ZFC process a preferred orientation is not formed 
and so the magnetization for ZFC becomes smaller than the FC case. The decreasing behavior around 90 
K at the ZFC magnetization is not observed in the FC magnetization measurements. This is probably due 
to pinning of the canted ferromagnetic phase by conical ferromagnetic phase, and means the canted 
ferromagnetic phase is suppressed by the external magnetic field during FC process.  
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Fig.2. Temperature dependence of magnetization of the LaMn1.9Fe0.1Si2 compound, measured for       
H=200 Oe 
 
For the temperature value of 40 K, the hysteresis loop of LaMn1.9Fe0.1Si2 is given in Fig.3. The variations 
in the magnetization curves exhibit typical ferromagnetic behavior. The coercivity field and saturation 
magnetization are measured to be about 540 Oe and 29 emu/g, respectively.  
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Fig.3. Hysteresis loops of the LaMn1.9Fe0.1Si2 compound, for T=40 K 
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From the M-H data, the magnetic entropy change associated with the magnetocaloric effect can be 
calculated from the thermodynamic Maxwell relation: 
 

         
HT T

M

H
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or integrating over the magnetic field 
 

∫ 

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0

           (2) 

 

which gives the magnetic entropy change, S∆ . The integral in eq.2 may be computed numerically, and 

S∆  can be approximated as 
 

∑ ∆
−

−
=∆

+

+

i ii

ii H
TT

MM
S

1

1
            (3) 

 
where, Mi and Mi+1 are the experimental values of the magnetization at the temperatures of Ti and Ti+1, 
respectively, under an applied magnetic field Hi. Fig. 4 shows the magnetization isotherms for 
LaMn1.9Fe0.1Si2, which were measured around its transition temperature from canted antiferromagnetic 
state to canted ferromagnetic state. The magnetization behavior is similar to that of typical ferromagnetic 
materials. It is observed that the magnetization increases rapidly with magnetic field and then almost 
saturates in a small magnetic field indicating a canted ferromagnetic state. The magnetizations around 
room temperature (above Tc) are much lower than those at lower temperatures (below Tc) and increase 
almost linearly with magnetic field. 
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Fig.4. Magnetization isotherm of the LaMn1.9Fe0.1Si2 compound as a function of magnetic field 
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The magnetic entropy change calculated using eq. 3 as a function of temperature is illustrated in Fig.5. It 

can be seen that the magnetic entropy change ( S∆ ) exhibits a single peak around 286 K which is 
somewhat above Tc. It is predominantly negative (positive MCE) and the magnitude increases with 
applied field. Furthermore, the temperatures of the entropy peaks stay almost constant with increasing 

field within experimental accuracy. The peak values of S∆ , for the fields of 0.2 and 0.9 T are about 0.2 
J/kg-K and 0.53 J/kg-K, respectively. The small values of magnetic entropy in LaMn1.9Fe0.1Si2 are 
probably due to the small value of saturation magnetization and the nature of the complex phase transition. 
This is in agreement with the results given in literature that the materials having second order magnetic 
phase transitions exhibit very small magnetocaloric effects [20-22].   
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Fig.5. Magnetic entropy change versus temperature at various magnetic fields, the lines are drawn by 
simply connecting the data points. 
 
The magnetic free energy generally can be expressed in powers of magnetization, neglecting higher order 
terms as: 
 

MHMTcMTcTMF −+=
4

3
2

1 )(
4
1

)(
2
1

),(                                  (4) 

 
where c1 and c3 are known as Landau coefficients. The sign of the c3(T) for the M

4 term allows us to 
identify the characteristic of the magnetic phase transition. The first order phase transition is expected in 

the case 0)(3 <Tc  and second order phase transition in the case 0)(3 >Tc [20,23,24]. 

From the condition of equilibrium 0/),( =∂∂ MTMF , one can obtain around Tc: 
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3
31 )()( MTcMTcH +=                    (5) 

 
Eq. 5 can be arranged into the form 
 

2
31 )()( MTcTc

M

H
+=                      (6) 

 

Using eq. 6, one can plot M2 versus MH / in the critical region which is known as the Arrott plot. The 
slope of the curves points out whether the nature of the magnetic transition is of first- or second order. It is 
possible to deduce that if all curves have positive slopes, the magnetic transition is second order. On the 
other hand, if the curves have negative slopes at some point or inflection points, then the magnetic 
transition is first order. We have plotted the Arrott plots of LaMn1.9Fe0.1Si2 compound in fig. 6. The Arrott 
curves have positive slope and no inflection points, in agreement with a positive c3(T) around the 
transition temperature, which is indicative of a second order magnetic phase transition. We have 
calculated the value of c3(T) approximately as 3x10-4 T.gr3/emu3 at 285 K, which is somewhat smaller than 
the value mentioned in the literature [20,23,24].We attribute this to our limited experimental condition in 
which the maximum applied magnetic field is 1 Tesla, and the small value of saturation magnetization is 
inconsistent with the nature of the magnetic transition. 
 
In conclusion, we have used a known technique [13] to determine MCE. To best of our knowledge, this 
kind of experiment is the first to be applied to the LaMn1.9Fe0.1Si2 compound which deserves a further 
investigation in terms of potential applications in refrigerators.  
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Fig.6. Arrott plots of the LaMn1.9Fe0.1Si2 compound at different temperatures 
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