Chapter 5

Entropy change at the first-order
magnetostructural transition in

Gd5(SiyGe|_y)4

5.1 Introduction

In this chapter we present a detailed analysis of the different contributions to
the entropy change arising from the application of a magnetic field at a first-
order field-induced transition, in order to account for the discrepancies discussed
in section 2.7 [1, 2, 3, 4, 5, 6]. For this purpose, magnetisation isotherms in
Gds(S1,Ge;_y)4 for 0 < x < 0.5 (compositional range in which the first-order
magnetostructural transition takes place) were measured up to very high fields
(~23 T). The values of the entropy change obtained from the Clausius-Clapeyron
equation (Eq. 1.17) and the Maxwell relation (Eq. 1.6) are compared and analysed
within the framework of a simple phenomenological model based on the temper-
ature and field dependence of the magnetisation. Calorimetric measurements of
the transition entropy change were also carried out on Gd(Si,Ge,_,)4 series of
alloys, by using the high-sensitivity differential scanning calorimeter under mag-
netic field described in Chapter 4. Results are compared to those obtained from
indirect approaches through magnetisation measurements.

5.2 Magnetisation measurements

Magnetisation measurements were performed at the Grenoble High Magnetic
Field Laboratory. M(H) curves were recorded up to 23 T, both under increas-
ing and decreasing H, from 4.2 to 310 K with a temperature step of 3 to 5 K. The
following samples were measured: x=0 (#1, as-cast), x=0.05 (#1, T4+Q treat-

105



CHAPTER 5. ENTROPY CHANGE IN GDy(SIxGE,_x )4

rvt 1ttt 11T rrrryrrrrrrr?
2001 =1 "-
160 | ’ |

x=0 -

5.0, 42.7, 57.9,
69.2, 81.3,91.9, 96.6 and 105.8 K

o 0 o 0 o 0 o 0 o 0 o 0 0 0 0 .0 1.
-l L A A DA A A A A B —'/'—-i

fimd |109'|2 K

4222770.8, 84.3, 97.0, ]
ok 109.8, 115.7, 121.0, 127.2 and 133.0 K_

O 2 4 6 8 1012141618 202224
u H (T)

Figure 5.1: Selected magnetisation isotherms of Gd(Si,Ge;_,)s for x=0, 0.05
and 0.1 under increasing and decreasing field. Temperatures labeled for each
composition refer to isotherms from top/left to bottom/right.
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Figure 5.2: Selected magnetisation isotherms of Gd(Si,Ge;_,)4 for x

0.2 under increasing and decreasing field. Temperatures labeled for each compo-

sition refer to isotherms from top/left to bottom/right.
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Figure 5.3: Selected magnetisation isotherms of Gd(Si,Ge;_,)4 for x=0.3, 0.365
and 0.45 under increasing and decreasing field. Temperatures labeled for each
composition refer to isotherms from top/left to bottom/right.
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Figure 5.4: Magnetisation as a function of temperature under selected applied
fields (0.5, 1, 2, 4, 6, 8, 10, 12, 14, 16, 18, 20 and 22 T) forx=0.1 and x=0.45
compounds, taken from M(H) data for increasing field.
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ment), x=0.1 (#1, as-cast), x=0.18 (#1, T4 treatment), x=0.2 (#1, as-cast), x=0.3
(#2, T4+Q treatment), x=0.365 (#3, as-cast) and x=0.45 (#7, T4 treatment).

M(H) isotherms are shown in Fig. 5.1 (x=0, 0.05 and 0.1), Fig. 5.2 (x=0.18
and 0.2) and Fig. 5.3 (x=0.3, 0.365 and 0.45). These curves exhibit a jumpAM at
the magnetostructural transition [1, 2, 7, 8], which spreads over a field rangeAH,
(~2-4 T for 0 < x < 0.2 samples and ~4-6 T for 0.24 < x < 0.5 compounds).
The hysteresis in the transition reveals its first-order nature. The transition field,
H,, for increasing and decreasing applied field is defined for each isotherm as the
field corresponding to the inflection point within the transition region. We note
that the application of a field of 23 T enables the observation of the transition at
temperatures of up to ~80 K above T,(H = 0). The variation of H;, with T is
linear for 0.24 < x < 0.5 compounds, while the slope dH,/dT, changes within
two limiting values for 0 < x < 0.2 alloys. The detailed study of H(T) for all
compositions is presented in Chapter 7. The change in the slope of the M(H)
curves observed in Fig. 5.1 forx=0 and 0.05 above ~90 K and ~12 T corresponds
to a nonreported magnetic transition appearing at very high fields, which is stud-
ied in Chapter 8. For the compounds from x=0 to x=0.2 (Figs. 5.1 and 5.2), the
first-order field-induced transition occurs from AFM to FM phases, while for the
rest of compounds (from x=0.3 to x=0.45, see Fig. 5.3) it occurs from PM to FM
phases. This difference is observed in AM, which is more abrupt for the AFM-FM
transition. Figure 5.4 shows the magnetisation data (for increasing field) displayed
as a function of 7' at constant magnetic field for x=0.1 and x=0.45 compounds,
as paradigmatic examples of Ge-rich and intermediate compostional regions, re-
spectively.

5.3 DSC measurements

DSC data under different magnetic fields (0 to 5 T) were measured for the follow-
ing samples: x=0 (#1, as-cast), x=0.05 (#1, T4+Q treatment), x=0.1 (#1, as-cast),
x=0.18 (#1, T4 treatment), x=0.2 (#1, as-cast), x=0.25 (#2, as-cast), x=0.3 (#2,
as-cast), x=0.365 (#3, as-cast) and x=0.45 (#7, T4 treatment). Measurements
were carried out by scanning 7' at constant magnetic fields, since the availabe
range in temperature is larger than the available range in H. In these measure-
ments, first-order transitions give rise to a large peak in thermal curves dQ/dT).
Second-order transitions are observed as small A-type jumps in the dQ/dT base-
line. The shape of the thermal curves for all compositions withx < 0.2 reveals
the first-order nature of the low-temperature AFM-FM transition and the second-
order nature of the high-temperature PM-AFM transition (see Fig. 5.5 forx=0,
0.05 and 0.2, Fig. 5.6 for x=0.18, where the second-order transitions are labeled,
and Fig. 4.7 in Chapter 4 for x=0.1). For the rest of compositions (0.24 < x < 0.5),
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Figure 5.5: DSC data on cooling at selected applied fields up to 5 T for
Gds(Si1,Ge_y)4: (a) x=0, (b) x=0.05 and (c) x=0.2. The second-order transition
is labeled for each composition.
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Figure 5.6: DSC data for x=0.18 on heating and cooling the sample under H. In-
set: Detail of the second-order transition on heating, from O (top) to 5 T (bottom).
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Figure 5.7: DSC data at selected applied fields up to 5 T forx=0.25 (heating),
x=0.3 (cooling), x=0.365 (cooling) and x=0.45 (heating).
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only one peak is displayed, corresponding to the first-order PM-FM transition
(Fig. 5.7 for x=0.25, 0.3, 0.365 and 0.45). For all samples, a hysteresis of 2-4
K between cooling and heating runs is observed, see for example Figs. 5.6 and
4.7. T, 1s estimated as the temperature at the maximum of thedQ/dT peak and
increases with the applied field (up to 5 T) in all samples. The detailed study of
H(T,) for all compositions is presented in Chapter 7. We note that forx=0, the
cooling process at zero field does not show any first-order peak [hence it is not
displayed in Fig. 5.5 (a)]. This fact can be explained by taking into account that
the FM ground state for x=0 can not be achieved by cooling down to low temper-
ature at zero field, since the sample remains AFM, as discussed in section 2.4.1.
The application of a field of ~1 T is needed in order to stabilize the FM phase
through an irreversible transition [9, 10, 11]. Fig. 5.5 shows how the first-order
transition gets progressively closer to the second-order transition as Si content,x,
is increased. In particular, Fig. 5.5 (c) shows how the first-order peak overlaps the
second-order jump when a field of ~3 T (or larger) is applied for x=0.2.

5.4 Evaluation of the entropy change

5.4.1 Magnetic and calorimetric evaluations

The entropy change as a function of 7' for each x may be obtained indirectly from
magnetisation data:

(1) On one hand, the entropy change at a first-order transition, AS, can be
obtained by using the Clausius-Clapeyron equation (Refs. [2, 12] and section
2.7),

dH,

AS = -AM ,

where AM has been estimated as the difference in the magnetisation at H, between
the linear extrapolations of M(H) well above and below the transition region,
and dH,/dT, is evaluated from the H,(T) curve obtained from the magnetisation
isotherms. This estimation of AM does not consider the variation of M due to the
field change (since the transition takes place in a field rangeAH,), but only due to
the first-order phase transition.

(i) On the other hand, the total entropy change due to the variation of the
magnetisation by the application of a magnetic field, AS(0 — H,,,), may be
evaluated by using the Maxwell relation (Ref. [13] and section 1.2),

Hmax aM
AS(0—>Hmax):f (—) dH .
o \ar),
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This integration is evaluated numerically from magnetisation isotherms. It is
straightforward to note that the entropy change at the transition,AS, and the total
entropy change, AS (0 — H,,,,), do not necessarily yield the same value.

The entropy change can also be obtained by calorimetry. DSC data enables us
to obtain the entropy change (and latent heat) at the first-order transition, after a
proper integration of the calorimetric peak (see section 3.2.3 and Chapter 4), as

T 140
AS = ——=dr
S fT TdTr

L

where Ty and T, are respectively temperatures above and below the starting and
finishing transition temperatures.

A comparision among all three methods to evaluate the entropy change is
shown in Fig. 5.8 for x=0.45 (using increasing H and cooling data), as a good
example of the behaviour of the 0.24 < x < 0.5 alloys and in Fig. 5.9 for x=0
and 0.05 (using decreasing H and heating data), as a paradigmatic example of the
0 < x £ 0.2 compounds.

For x=0.45, the entropy change obtained from the Maxwell method is dis-
played as dashed lines. Different curves of entropy change as a function of 7" are
obtained depending on the maximum applied field, H,,,. These curves display
the typical behavior previously reported [1, 2]: first, a rapid increase at low T,
then a maximum value at about 7,(H = 0), followed by a plateau-like behaviour,
and finally a sharp decrease at high 7. Figure 5.8 also shows the values of the
entropy change at the transition, AS, obtained from the Clausius-Clapeyron equa-
tion for x=0.45 (present data, solid squares) and x=0.5 (taken from Ref. [2], open
squares), and DSC data (open triangles) for x=0.45. We note that AS obtained
from the Clausius-Clapeyron equation and calorimetry yields the same values,
within the experimental error. This suggests that both methods actually evaluate
the entropy change associated with a first-order transition. The maximum value
of the entropy change achieved using the Maxwell relation can be above or below
AS depending on H,,,,,.

For x=0 and 0.05 (Fig. 5.9), the comparision between methods is very simi-
lar to that in x=0.45. The values obtained using the Clausius-Clapeyron equation
(open squares) agree, within the experimental error, with the calorimetric ones
(open triangles), although DSC data give slightly higher values, as observed in
some other samples (see section 6.3). This small diference may be related to the
fact that the coexistence line in the phase diagram is crossed at diferent direc-
tions, i.e., sweeping H in magnetisation and sweeping T in DSC (see Chapter 9).
AS (0 — H,,,) calculated from the Maxwell relation (dashed lines) gives difer-
ent values depending on the maximum applied field, being clearly aboveAS when
H,..> AH,.
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Figure 5.8: Entropy change for GdSi;sGe,, (x=0.45) calculated from: (i)
Maxwell relation integrating up to H,,,, (dashed lines), (ii) Clausius-Clapeyron
equation (solid squares this work and open squares forx=0.5 from Ref. [2]), (iii)
DSC measurements under field (open triangles), and (iv) Maxwell relation inte-
grating within AH, (solid lines). H,,, is labeled beside each dashed line, and also
stands for the solid lines from left to right increasing the field.
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Figure 5.9: Entropy change in Gd(Si, Ge;_,)4, for (a) x=0.05 and (b) x=0, cal-
culated by using: DSC measurements under field (open triangles); the Clausius-
Clapeyron equation (open squares); the Maxwell relation integrating fromH,,,,,
(20, 15, 10, 7, 5 and 2 T, from right to left, respectively) to zero (dashed lines);
and the Maxwell relation integrating only within the transition region (solid line).
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Besides, AS(0 — H,,,,) obtained from the Maxwell relation for x=0 and
x=0.05 shows a double peak structure, when integrating from very high fields
(15 and 20 T) to zero, which evidences the existence of two magnetic transitions
in the system. The high-T" peak is related to the expected AFM-FM transition,
while the low-T" peak is associated with a transition from the AFM phase to a
phase with short-range antiferromagnetic correlations, which appears in the Ge-
rich compounds (see Chapter 8). This effect is also evident in AS determined from
the Clausius-Clapeyron equation at high 7, i.e., at very high H,.

5.4.2 Use of the Maxwell relation within the transition region

The difference between the transition entropy change AS obtained from both
DSC and the Clausius-Clapeyron approach and AS(0 — H,,,) obtained from
the Maxwell relation, can be understood by taking into account the fact that the
Maxwell method includes the following contributions,

Ha (OM
AS(0 > Hyp) = fo (a—T)H JH +
Hb max
L) e [ (2] s
Ha aT H HI) aT H

with H,=H, — AH,/2 and H,=H, + AH,/2, being AH, the transition field range.

The first and the third integrals yield the entropy change that arises from the field
and temperature dependence of the magnetisation in each magnetic phase that
the transition involves. Only the second term accounts for the contribution to the
entropy change of the magnetostructural transition. This is indicated by the fact
that, for x=0.45, the plateau-like behaviour of the solid lines in Fig. 5.8 (computed
using the second integral in Eq. 5.1, fHIjb(GM /0T)ydH) perfectly matches the AS

values given by the Clausius-Clapeyron equation and by calorimetry. A transition
field region of upAH, ~4 T has been used, obtained from the high field M(H)

curves. Note also that when H,,,, is less than AH,, which is the minimum field
needed to complete the transition, the maximum value of AS (0—H,,,,) is lower
than AS (see for instance, the curve corresponding touyH,,,, = 2 T in Fig. 5.8).

Moreover, for H,,,, > AH,, the plateau-like region extends over the temperature
range for which H,,, > Hy(T). Consequently, as Hy(T) increases with 7', the

abrupt decrease from the plateau-like region at higherT is due to the truncation
of the second integral at H,,,,.

The same result is plotted as solid lines in Fig. 5.9 for x=0.05 (uoAH, ~3

T from M(H)) and x=0 (uoAH, ~4 T) samples, showing that AS(H,—H,) =

fHHb(aM/aT)HdH matches the Clausius-Clapeyron value. This suggests that the
calculation of the entropy change using the Maxwell relation evaluated within
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AH, and using the Clausius-Clapeyron equation, are equivalent for the first-order
transition in the whole compositional range of Gd;(Si,Ge;_,)4 alloys.

5.5 Phenomenological models for the entropy change

In order to account for the main features of the entropy change reported in the
last section (5.4), we propose a phenomenological model that takes into account
the basic features of the magnetisation in a system with a first-order field-induced
phase transition. In a first phenomenological approach, only the basic behaviour
of the transition is considered, by assuming that M(T") is constant outside the
transition region. In the advanced approach, the overall behaviour of the magneti-
sation is also taken into account by assuming that M(T') is not constant outside the
transition region.

5.5.1 First phenomenological approach: M(T) = const.

In this first model, the magnetisation curves are considered to be of the form:

(5.2)

M(T, H) = M, + AMF(L’(H)) ,

3

where M, and AM are assumed to be T and H independent, and F(T') is a monoto-
nously decreasing function of widthé such that ¥ — 1 for7 < T, (H) and F — 0
for T > T,(H). The case & — 0 corresponds to the ideal first-order transition
(F is then the Heaviside function). Using the Maxwell relation and assuming a
linear field dependence of the transition temperature @7,/dH, = a=constant), the
entropy change is given by

(5.3)

AS(0 = Hygy) = AS [F(—T - T’(Hmax)) _ F(w)] ,

3 3

where AS = AM/a (the transition entropy change from the Clausius-Clapeyron
equation). It is worth stressing that when the transition temperature is not field
dependent, AS(0 — H,,,) = O irrespective of the value of AS. In general,
AS(O — H,y,,) is a fraction of the transition entropy change (AS), which de-
pends on the magnitude of the shift of 7, with the magnetic field, and reaches its
maximum value, AS, for high enough applied field. Results are even valid in the
limit & — 0, for which AS (0 — H,,,,) = AS for all H,,,,.

A simple analytical picture is provided by assuming that F’ is a linear func-
tion of temperature which extends within the temperature rangeAT; = aAH, = &.
Results are shown in Fig. 5.10. The general trends compare very well with re-
sults in Figs. 5.8 and 5.9 obtained by integrating the Maxwell relation within the
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Figure 5.10: Upper panel: temperature dependence of the magnetisation across
the transition region at different fields, as described for the first phenomenological
model. Lower panel: corresponding entropy changeAS (0— H,,,,) calculated from
the Maxwell relation. In this figure, AS stands for the entropy change of the
transition, obtained from the Clausius-Clapeyron equation.
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transition range (second integral of Eq. 5.1, AS(H,—H,) = f o

. (OM/0T)ydH).
Note that within the scope of the present model, a true plateau is obtained since
AM has been assumed to be T-independent, in contrast with the experimental
results (Figs. 5.1, 5.2 and 5.3), where AM decreases linearly with 7. It is also
observed that when H,,,, is not high enough to complete the transition (H,,,, <
AH;), then AS(0—H,,,;,) = (Hyua/AH)AS 1s smaller than AS. Accordingly,
(Hpax/AH,) 1s the fraction of the sample that has been transformed. ForH,,,, >
AH,, AS(0—H,,,,) reaches its maximum value AS(0—H,,,,)=AS, showing the
equivalence of the Clausius-Clapeyron equation and the Maxwell relation, pro-

vided the latter is only evaluated within the transition field region.

5.5.2 Advanced phenomenological approach: M(T) # const.

This model is a generalisation of the previous one. This advanced model includes
both the T and H dependences of the magnetisation outside the transition region
and the decrease of AM with T'. The upper panel in Fig. 5.11 shows the modelled
M(T) curves at different H. The transition temperature is assumed to shift linearly
with the transition field, d7,/dH, = a=constant. The magnetisation of the low-
temperature phase is assumed to decrease linearly with7 as M(T) = AMy(1-T),
being zero at the high-temperature phase. The transition between both phases ex-
tends within a temperature range AT, = aAH,, which is assumed to be constant
according to the experimental results (see Figs. 5.4 and 5.12 (a)). In this model,
T,(H) is defined for each curve as the temperature at the center of the transition re-
gion. As a is considered to be constant, the model should account for the behavior
of the entropy change for 0.24 < x < 0.5 alloys (see Fig. 5.8 for x=0.45).

The results of the model are compiled in the middle panel in Fig. 5.11. The
behaviour, which depends on the temperature range and the maximum applied
field, can be summarised as follows :

(1) For temperatures at which the system is in the low-temperature phase (" <
Ty, with Ty = T,(H = 0) — AT,/2), the entropy change is independent of 7 and
increases linearly with the maximum applied field as

AS (0 - Hmax) = _AMOIBHmax . (54)

(i) In the range Ty < T < Ty (I'p = T,(H = 0) + AT,/2), which is the
temperature spread of the transition at zero field (see upper panel in Fig. 5.11),
the entropy change increases linearly up to7,(H,.)—AT,;/2 and reaches a plateau,
with a value increasing with H,,,, (see H; in Fig. 5.11). The limiting case of this
behaviour is obtained when the maximum applied field is strong enough to induce
the whole transition (i.e., H,,,x = AH,). Then T,(H,,,,) — AT,/2 equals Tz and the
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Figure 5.11: Upper panel shows the modelled temperature dependence of the
magnetisation across the transition region at different fields, as described for the
advanced phenomenological model in the text. Middle panel shows the cor-
responding entropy change AS(0—H,,,,) calculated from the Maxwell relation.
Lower panel: Solid lines stand for the entropy change obtained by integrating the
Maxwell relation only within the transition region. Connected squares stand for
AS obtained from the Clausius-Clapeyron equation. The diference between those
values is indicated in the Figure.
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value is

AS(0 — H,py) = — Mol —[;TI(H = 0)] _ _AMIT,(H = 0)]

(5.5)

(see case for H, in Fig. 5.11). For higher fields (H,,,, > AH,), the transition is
also completed at Tz and there is an additional contribution toAS due to the field

and temperature dependences of M of the low-temperature phase (see cases for
H; and H, in Fig. 5.11). Therefore,

AS(O = Hyg) = - T AMB(He - AH) . (56)

(ii1) For temperatures at which the system is in the high-I" phase at zero field
(T = Tp) and for low fields (see H; and H, in Fig. 5.11), AS decreases linearly to
zero with increasing 7', vanishing at 7,(H,,.,) + AT;/2, which corresponds to the
minimum temperature at which H,,,, is not enough to start inducing the transition.
For fields where the transition is complete (see H3 and H, in Fig. 5.11), AS shows
plateau-like behavior with a slope 2AMyB/a up to T,(H,.,) — AT,/2. Above this
temperature, the field is not enough to complete the transition andAS decreases
linearly to zero, vanishing at T,(H,.,) + AT, /2.

The lower panel in Fig. 5.11 shows the entropy change (solid lines) calcu-
lated by integrating the second term of Eq. 5.1 AS(H, — H,)). The values of
AS calculated by using the Clausius-Clapeyron equation are also plotted as con-
nected squares. Three main features are to be noted: (i) for temperatures at which
the transition does not occur (' < T,), AS(0 — H,,,,)=0; (i1) for temperatures
at which the transition can be completely field-induced @ > T}y), and for H,,
strong enough to complete it, the plateau-like regions of all curves overlap, yield-
ing a slope AMyB/a; and (ii1) AS values obtained from the Clausius-Clapeyron
equation decrease with the same slope, but lowered by = AMyBAH,/2. The
model accounts for the behaviour of the experimental results shown in Fig. 5.12,
in Fig. 5.8, and in general for all 0.24 < x < 0.5 compounds. We note that in
Fig. 5.12 (¢) the values of AS calculated from the Clausius-Clapeyron equation at
low T increase with T due to the fact that, just above the zero-field transition tem-
perature, a fraction of the sample has not yet been transformed to the PM phase
and still remains FM [8]. We also note that forx < 0.2, although « is not constant,
the model accounts for the main features of the PM-FM transition. An extension
of the present model should consider the dependence ofa on H, and 7.

In order to improve the model, a linear H dependence of the lowZ" magnetisa-
tion outside the transition region is introduced as M(T, H) = AMy(1 — BT + yH).
This is a more realistic assumption for the magnetisation curves (Figs. 5.4 and
5.12 (a)). However, the overall behaviour remains unchanged. In this case, Eq.
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Figure 5.12: Upper panel shows the magnetisation as a function of temperature at
different fields (0.5, 1, 2,4, 6, 8, 10, 12, 14, 16, 18 and 20 T) forx=0.3 compound,
taken from M(H) (increasing H) data. Middle panel shows the corresponding en-
tropy change AS (0—H,,,,) calculated from the Maxwell relation. Lower panel:
Solid lines stand for the entropy change obtained by integrating the Maxwell re-
lation only within the transition region. Connected squares stand forAS obtained
from the Clausius-Clapeyron equation.
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5.6. Conclusions

5.5 turns into

AMI[T(H =0)] AMyyAH,

AS (0 - Hmax) = - 5
a 2a

(5.7)

the slope of the plateau-like region of AS values evaluated within the transition
region from the Maxwell relation is now AMyB’/a, with f/ = B — y/a, and
0 = AMyB'AH,/2. This shift 6" between the Clausius-Clapeyron approach and
the Maxwell approach is due to the fact that H heightens 7, resulting in a reduc-
tion of AM. Since AT, is assumed to be constant, AM/AT, in the transition re-
gion decreases correspondingly. This H-dependence remains included within the
transition region (as dM/AdT) and still gives an extra term to the entropy change
when calculated from the Maxwell relation by integrating the second term of Eq.
5.1, but does not contribute to the Clausius-Clapeyron equation. Nevertheless,
¢’ is small for Gds(Si,Ge;_,)4 alloys. For example, for x=0.45 (see Fig. 5.8),
AMyB'=0.753 emu/(gK) and AH, ~4 T, yielding 6" ~1.5 J/(kgK), which is within
the experimental error of the entropy change. Forx=0.3, AMy5'=1.163 emu/(gK)
and AH, ~7 T, resulting in ¢’ ~4.1 J/(kgK), which may account for the slight dif-
ference observed in Fig. 5.12 (c). Generally, ¢’ is expected to be small, since it
is proportional to the variation of the magnetization outside the transition region
and this variation is small in a FM phase. This may be extended to any other
field-induced transitions that involve a FM phase.

5.6 Conclusions

The magnetocaloric effect arising from a field variation 0— H,,,, can be properly
evaluated through the entropy change obtained from the Maxwell method, even
when an ideal first-order transition occurs. When the Maxwell relation is evalu-
ated over the whole field range, the T and H dependences of the magnetisation in
each phase outside the transition region yield an additional entropy change to that
of the actual first-order transition. It has also been shown, from both experimen-
tal data and phenomenological models, that the Maxwell relation, the Clausius-
Clapeyron equation and the calorimetric measurements yield the entropy change
of the first-order magnetostructural transition, provided (i) the Maxwell relation is
evaluated only within the field range over which the transition takes place, and (ii)
the maximum applied field is high enough to complete the transition. The transi-
tion temperature must significantly shift with the applied field, in order to achieve
a large MCE taking advantage of the entropy change associated to the first-order
transition. This is relevant for the understanding of the thermodynamics and MCE
of first-order magnetostructural transitions.
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