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We investigate the thermal hysteresis of spin-crossover compounds by using the first-order reversal curve
(FORQO method. By magnetic measurements we have recorded the FORC data for the pure Fe- and Zn-diluted
spin transition systemiFe.Zn,_,(btr)»(NCS),].H,0, wherex governs, through cooperative interactions, the
width of the thermal hysteresis loop. The wiping-out and congruency properties are obeyed and support the
description of the system by independent spin-like domains. The FORC analysis show, for increasing dilution
parameter 1x, almost monotonous trends) increasing width of the bias distributiofii) decreasing width of
the coercivity distribution(iii ) increasing correlation between the bias and coercivity distribution. The Preisach
distributions finally are expressed in termsR{fA,J), where A=energy gap and=intra-domain interaction
parameter are the major physical parameter quantities involved in the twotkegel Ising-like standard
description of interacting spin-crossover units. The physical origin of the distributions is discussed and the
eventualA -J correlation is determined. The pure compound exhibits a negligiblé correlation and there-
fore can be considered as made of independent spin domains. The diluted compounds exhibit a/sizeable
—J correlation, which can merely be explained by a small spreading of the composition parameter.
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I. INTRODUCTION main results of the mean-field treatment are summarized as
follows: (i) an equilibrium temperaturd,,, at which nyg
Spin transition compounds are a class of inorganic coor=1/2, is obtained irrespective of the interaction parameter:
dination complexes of transition metal ions witkl*33d’  kgTy,=A/Ing; (ii) above a threshold value of the interaction
electron configurations, namely ®g, Felll), Coll), parameter(Jyes=KsT1/, in the mean-field approximation
Mn(ll), and N{ll), located in an octahedral ligand field the the spin-crossover occurs with a first-order character. The
strength of which induces the competition between spirvidth of the thermal hysteresis,,~Tqown i an increasing
statest The diamagnetic low spin statéS) is the ground function of J; the mean transition temperatureT,,
state at low temperature, while the paramagnetic high spif Tdown/2 remains close td,. o o
state(HS) is the stable state at high temperatures, due to its N mean-field description, the “effective” interaction in
larger entropy: Due to elastic interactions between the spin-the diluted system is proportional to the number of spin-
crossover molecular units, the entropy-driven spin-crossove’SSOVver neighbors, i.e., to the composition parameter
may result in a first-order thermal transition occurring with BEIOW @ threshold value~0.40 the hysteresis loop was

: : ; llapse in the isostructural systems
hysteresis. The spin state can be switched as well b res&ﬁ?serveo' to co o
(syome Kbar magr?etic fieldtypically 40 T, Ref. 3, or)i/rfa- eM;_,(btr),(NC9),]- H,O where the dilution metal M was

i 10-12
diation in the visible at low temperature. The switching re—CO or Ni.

sults in large changes in magnetic, optical, and diel€ttric The  present work is devoFed to the system
properties which are promising for futuristic applications to[ngnl'X(btr)Z(NCS)z}HZO' The major thermal hysteresis

data recording, such as optical memories loops, derived from magnetic measurements, are reported in
’ . . Fig. 1, and the spin state phase diagram(XnT) axes is
The relevant parameter which characterizes the macr g b P gramixn )

. . . X o %hown in Fig. 2. The threshold value~0.33, only is in a
scopic state of the system is the high spin fractmg, i.e.,  qyajitative agreement with the Co- and Ni-diluted series data

the proportion of spin-crossover units in téS) state. Mi- (.39, The large variation of the mean transition tem-
croscopic parameters involved in the Ising model Aréhe  perature upon the effect of dilution can be explained by the
energy gap between the spin 9states of isolated spin-crossovigge ionic radius of the Zii) ion, which roughly matches
units,g=gus/ gis the effectivé® degeneracy ratio of the spin the Fell) radius in the HS state. Following the steric argu-
state (also accounting for the different densities of vibra- ments used in Ref. 10, 11, and 13, the presence of molecular
tional states andJ the intra-domain interaction parameter. units with a large radius stabilizes the HS state of the spin-
The equilibrium value ohys is easily derived from the ca- crossover units, i.e., lowers the equilibrium temperatime
nonical treatment of the Ising Hamiltonian analysis. Thedecreasing\).
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FIG. 1. Thermal hysteresis fdiFeZn,_,(btr),(NCS),]-H,0, X
with x=1 (pure compouny x=0.8, x=0.6, andx=0.4 from right E)';z)éigodzt(btr)z(NCS)z]'HzO- The congruency property is

(wider loops to left (narrower loops respectively.

Some time ago, it was suggested that the spin transitiofis of the Everett mod#!they deduced that the spin domains
occurs through spin-like domains, including molecules in thedo not interact. The same observation has been made by
same spin state, responsible for the capability of exhibiting>onstant-Machadet al. for the pure spin transition com-
minor hysteresis loop¥ Based on this assumption pound[Fe(btn,(NCS),]-H,O;* but it was shown that this
the classicdP and generalizéd Preisach model could assumption was no longer valid for diluted compounds such
be applied for analyzing the thermal hysteresis ofas[FgCo_(btr),(NCS),]-H,0;' in addition, it was shown
[Fe,Co,_(btr,(NCS),]- H,0.1317 The Preisach plane was of by microprobe technique that the composition Fe/Co was
course the(T,,, Taown Plane, instead of the magnetic field sizeably inhomogeneous in each crystal of the compdtind,
switching values for the genuine formalism aiming to ana-in agreement with the observed correlation between the
lyze the magnetic hysteresis of ferr¢er ferri-) magnetic ~mean transition temperature and hysteresis width distribu-
systems. tions. The questions of the compositional inhomogeneity of

It is known that the sufficient and necessary conditions foithe sample and of the independence of the spin domains are
applying the classical Preisach modedre the wiping-out central and will be addressed in the present report.
property!® correlated with the fact that major hysteresis loop ~As a preliminary investigation, we measured a series of
is well defined irrespective of the past history of the systemminor loops for our compounidre, ¢Zng 4(btr) (NCS),]- H,0
and the congruency property which expresses that the shapkstween the fixed extreme temperatures 108, 11Fig. 3)
and areas of all minor loops obtained between the same exnd we observed that, in the limit of inherent experimental
treme temperatures are the same, irrespective of the locatigirors, the congruency propetiys obeyed, so that the clas-
of the minor loops in the major loop. While the wiping-out sical Preisach model can be applied.
property is so far respected by all known thermal transitions, The FORC metho@ was formerly introduced for analyz-
the situation regarding the congruency property is differenting magnetic domain& The FORC analysis of a spin tran-
Konig et al1® and Muller et al2° recorded different minor ~sition was very briefly reported in Ref. 24, and we describe
hysteresis loops of a spin transition compound, between twbere a more extensive application of the method, aiming to
fixed temperatures and measured identical areas. On the bdescribe the spin-like domain properties in terms of physical

quantities such as the energy gap and the intra-domain inter-

sl & T action. Major issues will be the eventual composition distri-
) C.up bution and inter-domain interactions. The comparison be-
140 V1 cdown tween magnetic and spin-like domain properties will be
briefly addressed.
130 HS zone
< hysteretic zone Il. THE FORC METHOD FOR THERMAL TRANSITIONS
=120 The FORC(first-order reversal curvgg2*are a specific
1104 class of minor hysteresis loops, for which the sweeping pro-
LS zone cess of the input parameter is reversed only once. For a ther-
100+ mal transition the warming/cooling modes are to be distin-
guished. The measurements start at a sufficiently high/low

03 04 05 06 X0-7 08 09 10 temperature, such that the high/low temperattt®/LS) do-
main structure is saturated. Then temperature is lowered/
FIG. 2. The dilution-temperature phase diagram of the spinfaised until a given temperatufg, the reversal temperature,
state. and afterwards raised/lowered, in the warming/cooling
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1.04 hysteresis loops. Due to the color change, the spin transition

could also be detected by optical measurements. For the
present study, we have only used magnetization measure-
ments, made using a superconducting quantum interference
device magnetomete(MPMS5 Quantum Designin the
RSO mode. Reflectivity data, which may exhibit some dif-
ferences with respect to the magnetic d&tayill be pre-
sented in a separate report.

In Fig. 5 we present the experimental FORCs of thin
samples of FeZn;_,(btr),(NCS),]- H,O (about 5 mg, de-
rived form the magnetization measurements under applied

- - field 1000 Oe. Temperature was scanned every 0.5 K for
Ty T, Temperature both T, and Tg. The high spin fraction was derived from the
susceptibility value, considering, respectively, the paramag-

FIG. 4. A FORC curve in the warming mode. Starting for the netic and diamagnetic characters of the HS and LS states.
saturated HS domgin state, temperature is lowdredjor loop For x=0.6, the measurements were made both in the warm-
branch) and then raisedFORC data ing and in the cooling modes and led to slightly different

FORC distributions, which will be discussed separatSigc.
mode, respectively, as illustrated in Fig. 4. During the second/II| ).
step of the process, the output paraméharen,,s) is mea-
sured as a function of the actual temperatiie,The experi-
ment is repeated for several values Ty, and the set of

L 0.5

0.0

IV. EXPERIMENTAL FORC DIAGRAMS

Nys(Ta, Te) values forms the FORC data. The experimental FORC diagrams, calculated using Eq.
The FORC distribution is defined as the second derivative1), are represented in Fig. 6. In order to facilitate the dis-
of the output parametdhigh spin fraction here cussion of the results in physical terms, we have chosen the

Pre(TaTo) b=(Tp+Tg)/2, c=(To—-Tg)/2 axes which roughly corre-
_ZHS A B (1)  spond to the energy gap and intra-domain interactiod.
dTadTg The corresponding axes for magnetic systems would be the

In the case of non-interacting domaifie,g., forx=0.6, in bias and coercivity, respectively. It is worth noting that the
the present systenthe FORC distribution merely is the Prei- centers of the FORC distributions are situated along a
sach distribution, €.9.P(Tgoun Typ in the warming mode sFralght line, which of course is consistent with the phase
and P(T,p, Tyown in the cooling mode, wher@,,, Tgoun are dlagrl?m alr_ea;d_y tshhotxvr'] in Fig. 2. i-29and th
the switching temperatures of the elementary hysteresi]sOr ey point s thala IS pressureé sensitive, = and there-

loops (the so-called hysterons of the Preisach formalidm e can be modulated by internal stresses due to local de-
ects, or by external stresses mediated by the elastic interac-

such a case the FORC distributions obtained in the coolin bet inJlike d ins. This ai ise .
and warming modes are expected to be the same. The maj prs between spin-like domains. 1his gives rse 1o a generic

Ifference between the magnetic and spin-crossover systems:
the biases in spin-crossover systems cannot be unambigu-
ously attributed to inter-domain interactions. In the present
case, since the congruency property is obeyed, such inter-
»domain interactions are de facto ruled out, and the bias effect
as to be exclusively attributed to intra-domain properties.
his is a general property of the thermal transitions, because
ge central valuéT,,) of the input parameter of the hysteron
IS not imposed by symmetry, contrary to magnetic systems
which are invariant upon time-reversal. Such a difference is
reflected in the models: the true spins of magnetic systems
are submitted to true magnetic fields while the fictitious spins
of the Ising-like model(the key difference with true Ising
model is the degeneracy ratig#1) are submitted to a
temperature-dependent fictitious figlavhich goes through
The samples were prepared at the Leiden Univef3iag  zero at a temperaturéT,,,) which obviously is system-
small crystals, in the shape of rectangular platelets, little coldependent.
ored (between white and yellowat room temperature and The coercivity, associated with the width of the thermal
turning to dark purple at low temperature. After repeatedhysteresis loop, is not expected to sensitively depend on in-
thermal transitions, self grinding of the crystals occurred andernal stresses, since pressure experiments on spin transition
rapidly the sample was in powder state. Such a preliminargompound¥—2°do not show a rapid variation of the thermal
treatment, following Refs. 12 and 13 was systematically perhysteresis width. Coercivity should be related mainly to the
formed, in order to obtain reasonably reproducible majorilution parametefsee the phase diagrarand presumably

p(Ta Tg) =

advantages of the FORC method dii¢it has a purely ana-
lytical character, i.e., it is model-independefiit) it rules out

the unphysical situation data such&gy,> T, i.€., in case
of reversible component3,y,,=T,, is really obtained.

On the other hand, the drawback inherent to the “raw
character of the data is the need for additional informatio
for reaching unambiguous conclusions. Fortunately, in th
present study, the congruency property gives direct access?
the Preisach distribution, and allows unambiguous conclu
sions to be reached.

Ill. EXPERIMENTAL TECHNIQUES
AND MEASUREMENTS
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FIG. 5. Experimental FORCs in the warming mode (ar the
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to the domain size, according to an intuitive analogy to the
dynamic properties of magnetic nano-particlesnazingly,
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FIG. 6. FORC diagram for different concentrations in the bias-
coercivity (b,c) plane.

V. THE BIAS-COERCIVITY CORRELATION

Before proceeding to the detailed statistical analysis, it is
convenient to control the normal character of the distribu-
tions. We therefore introduce the separate distributions:

We show in Fig. 7 some typical data which illustrate the

normal character of the experimental distributions. The
shapes of all experimental distributions are close to Gauss-
ian, and we have summarized in Table | the application of
the usual statistical criterion.

A crucial point for joint probability distributions is the

correlation between parameters, quantitatively expressed
through the dimensionless coefficient:

1.0

© © o © ©
QO N b~ O @
1 N 2 1 1

o

© o ©o o o =
o v A o ® o
1 I 1 1 I 1

112

really addressed so far, to the authors’ best knowlgdge eter values listed in Table.l
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TABLE |. The statistical data for the normal character of the experimental distributions, and fitted
Gaussian parameters.

X &(K) o(c)(K) Xe b(K) a(b)(K) Xo
0.4 1.63 1.13 0.0015 102.74 2.27 0.0003
0.6 5.19 151 0.0007 113.14 1.79 0.0012
0.8 7.77 1.52 0.0005 122.66 181 0.0005
1.0 12.84 1.99 0.0009 136.44 0.81 0.0069
cov(b,c) 00 o(b)o(c)
r(b,c)=——— tan 2o =2r =2r . 6
(b.c) a(b)a(c) (Tg - aﬁ o(c)? - o(b)? ®
Eij (b, —E)(cj -0)P(by,c)) The pure compound exhibits a negative, but relatively small

= — — 5 (b, c) correlation. Diluted systems with increasing Zn content
{(Eij (b = b)zp(bircj))(Eij (; —C)ZP(bi,Cj))} exhibit a larger correlation between bias and coercivity, as
3) shown by the obvious rotation of the contour plots in Fig. 6,

as well as by the clear distortion of the major hysteresis loop.

The latter effect is illustrated by adequate simulations,

where the summation is performed over all possible valuet Fig. 8.

of the parametergb, >0) and (c;>0) [becausel,> Tg]. A brief discussion of the parameter values leads to the
Due to the normal characterj of the distributions. the jointqualitative conclusion that dilution increases the number of
probability can be modeled by ' local defects responsible for the bias distribution but weak-

ens the average effective interaction, so that finally increas-
ing dilution reduces the coercivity distribution. The positive
(b=bp)? (c-ce)?> (b=bhy(c-cy correlations observed for the diluted compounds can be ex-

P(b,c) ~ exp| - + -r »  plained by the effect of a small distribution of the composi-

tion parameterx, which would tend to expand thB(b,c)
(4) contour plots along the line representative of the average
phase diagrangstraight line in Fig. 6. The quantitative dis-
cussion of the correlation requires one to express the distri-
butions in terms of physically relevant parameters, a problem
which will be addressed in the next section.

20 207 0,0

wherer (such ag?<1) merely is the correlation parameter
r(b,c) defined by Eq.(3) and gy, o are input parameters
derived from the standard deviation value&), o(c), ac-
cording to
VI. JOINT DISTRIBUTIONS OF THE RELEVANT
I R PHYSICAL PARAMETERS (A,J)
o,=o(b)V1-r%  o.=o(c)y1-r2 (5 . e .
We now turn to the description of the joint distributions in
The statistical analysis data of tRe¢b, c) distributions are  terms of relevant physical parameters. Due to the two-
collected in Table II, which are slightly distinct form those dimensional character of the Preisach plane, we have been
reported in Table I, due to different calculating algorithm led to select two physical parameters: the energy &amnd
(direct summation The Gaussian form of Ed4) gives the  the intra-domain interactiod. The degeneracy parameter,
contour plots of the joint distributions elliptical shapes in correlated to the entropy change upon transition, was dis-
excellent agreement with the experimental results. The elearded in a first approach. Such a choice resulted from the
lipse axes are rotated with respect to tlegb) axes by an assumption that the distributions were due to internal
angle « (defined modulor/2) expressed through stresses, which at first approdtbnly affect the energy gap,

TABLE Il. The statistical data and distribution input parameters derived from the experimental distribu-
tions of bias,b=(Ta+Tg)/2 and coercivityc=(Tpo—Tg)/2 using direct summation.

X b a(b) c a(c) r(b,c) oh o @
(K) (K) (K) (K) (K) (K) (deg
0.4 102.53 2.32 1.61 1.03 0.45 2.07 0.92 +77
0.6 111.58 1.65 5.05 1.28 0.52 1.41 1.09 +58
0.8 122.61 1.71 7.74 1.47 0.25 1.65 1.42 +60
1.0 134.56 1.03 10.81 1.24  —0.26 1.00 1.19 -28
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FIG. 8. Set of major hysteresis loops computed using the corre- F!G- 10. The FORC diagram ¢Fe 4Zno ¢(btn2(NCS)2]- H;0, -
lated joint distribution[Eq. (4)], with parameter valuesr,=7, o, determined in the warming mode exhibiting a small reversible

=3,r(b,c)=0, 0.5, 1. component.

and to domain size effects, supposed to act only on the hygLeId approximation_ usually depart from the_ experimental_
teresis width, thus neglecting further effects known to beshapes. However, in most cases the experimental loop is
essential for magnetic nanoparticles, such as surfac@early square-shapedee Refs. 30 and 32 for a discussion
effects3! and models beyond the mean-field approximati@amd sup-
We use here the Ising-like model, introduced in Ref. 5POrt the recourse to the square hysterons involved in the
for spin-transitions. Each spin-crossover molecular unit ig°réisach analysis.
represented by a fictitious spin, a two-level operator with Itis clear from Fig. 9 that the correspondence between the
energy gapA=AH/R=E.s—E s>0, and degeneracy ratio (A,J) plane, restricted td>A/In g, and the bias-coercivity
g=expAS/R)=gys/gLs> 1. plane, (b,c), is bi-univocal. This is obviously true for the
The Ising-like Hamiltonian can be written in a “true” (Ta,Te) plane, restricted td'x>Tg. The transformation of
Ising equivalent formdegeneracy ratie=1) by considering the joint d|s_,tr|but|ons is straightforward using the Jacobian
a temperature dependent energy §ag,, a fictitious effec- transformation:
tive field written A.;s=A—kgT In g, acting on the fictitious
spins. AtTy;, Aer=0. P(A,J) = P(Ta, Tp)
Straightforward canonical treatment of the Ising-like
model, in mean-field approximation, was performed in order .
to derive the relationship§,=f(A,J,9), Tzg=f(A,J,g). The \ivhere the Jacobian . values_ [(Ta, To)/ (A, )|
data computed for a giveg value have been plotted in Fig. =2|a(b.c)/é(A,J)| are numerically derived from the set of

: ; - computed data used for Fig. 9.
?él Q,C;:trg Icgll}gstg?e%ﬂ%rgggt(ri f)atgzoiotohg (jzséﬂéggth ge It is worth noting that the reversible part of the Preisach

=2000(x=0.6), g=1000(x=0.4). It should be kept in mind distributions does not fulfill the conditiof,> Tg. In other

i . words in absence of hysteresis the model fails. Such a situ-
that the shapes of the hysteresis loops computed in the meal - occurred with the most diluted sampe=0.4), see Fig.

10, the small reversible contribution of which was dropped

9 (TaTe)
a(A,J)

d(b,c)
a(A,d)

=P(b,c) , (7)

700 r110

J=const J=const when determinindP(A, J).
108 The calculated distributions in the\,J) plane are re-
BER r 106 ported in Fig. 11. The statistical parameters associated with
[R— - 104 the joint probability densitie®(A,J) are listed in Table Il.
L il W = @y fro2o The statistical criterion we used for testing the independence
< v “~~._ [1003 of the random (A,J) variables was defined as(ﬁmep
640+ A=con§t_98 =3, ;(0;;—€;)?/&;, whereo;; is observed value angj; is ex-
pected value. The probability;ge, for (A,J) to be indepen-
6201 96 dent is derived from thqﬁwepvalue, accounting for degrees
94 of freedom of the problenthere : 504= number of indepen-
600 i 92 dent datg according to statistical tables from Ref. 33. This

140 145 150 155 160 0 2 4 6 8 10 12

3K) oK) probability is found to be high for the pure compound, and

low for the diluted compounds. Consequently:the (A,J)

FIG. 9. The bi-univocal correspondence between(thg)) and ~ Parameters are not correlated in the pure compound, so the
(b,c) planes, computed for the degeneracy rgtid 000, illustrated ~ distribution shall be assigned to different physical processes.
by the intersect of the curvelk=J* (solid line) and A=A* (dashed = The small negative value of the bias-coercivity correlation is
line). explained by a generic property of the two-level system,
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FIG. 11. The P(A,J) distributions of the system
[FeZn,_,(btr)»(NCS),].H,0, x=1, 0.8, 0.6, 0.4, determined from
the FORC data in the warming mode.

which states that, at constahaindg, coercivity is a decreas-
ing function of the transition temperatui¢ even vanishes at
a critical temperatuf®); (ii) in the present study, the\,J)

PHYSICAL REVIEW B 71, 014431(2005
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FIG. 12. FORC diagrams fox=0.6 in the cooling(top) and
warming (botton) modes.

course agree with the previous observations concerning the
bias and coercivity distributions.

More informative is the discussion concerning the J
correlation, which is obviously associated with the diluted
state of the system. A single glance to Fig. 11 shows a com-
mon orientation of the contour plots along the curve repre-
senting the variation of mean properties of the system as a
function of dilution, i.e., theA —J line derived from the mean

correlation is tightly associated with the dilution of the com-b—cline in Fig. 6. The simple idea of a sizeable spreading of

pound.
VII. DISCUSSION: AN ADDITIONAL COMPOSITION
DISTRIBUTION

Upon dilution the spreading of energy gapsncreases at
once, while the spreading of interaction param@térst in-

the dilution parameter obviously follows, as indeed it already
was experimentally observed in the isostructural Co-diluted
systemt3

We now introduce the possible spreading of the composi-
tion parameter. Due to the congruency property, the system is
represented by independent domains, each of them character-
ized by the set ofx,A,J) values. For a givex value, the

creases and then decreases. These simple conclusions ceftral values of the uncorrelatéd-J distribution are gov-

TABLE Ill. The statistical data derived from the experimental distributidi{a,J); x? and Pingep @re the criterion and statistical
probability for theA-J independencey,, o,, o refer to the model developed in Sec. VII. The vakie 0.008 reported for the pure

compound illustrates the statistical inaccuracy of the data.

A a(A) J a(d) Oy o o o513
X (K) (K) (K) (K) rA9) Xodep Pindep (K) (K) (K)
0.4 665 13.9 123 8.0 0.62 2563 <0.001 0.020 10.9 6.3 0.051
0.6 836 13.2 159 10.2 0.79 2603 <0.001 0.025 8.1 6.2 0.039
0.8 1028 14.5 195 10.4 0.56 2970 <0.001 0.021 12.0 8.6 0.044
1.0 1225 8.8 235 8.3 0.16 192 >0.999 0.0008 8.7 8.2 0.035
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TABLE IV. The statistical data fox=0.6, comparison of the warming and cooling modes.

A a(A) J a(d) oy o o osld
X (K) (K) (K) (K) rA,J Xindep Pindep (K) (K) (K)
0.6 836 13.2 159 10.2 0.79 2603 <0.001 0.025 8.1 6.2 0.039
O.6COO”r1g 841 12.0 157 9.3 0.59 2085 <0.001 0.019 9.7 7.5 0.048

erned by the phase diagram. The joint probability, assuming VIlIl. COMPARISON OF WARMING AND COOLING

Gaussian distributions, is expressed as follows: MODES
(X=%)? (A-Ag? (I-Jp? The FORC distributions obtained in the warming and in
P(A,3,%) ~ exp\ - 202 * 20% * 20% ) the cooling modes, fox=0.6, are shown in Fig. 12; the
X

results of the statistical analysis are reported in Table IV. The

(8 two distributions are not equivalent, in clear disagreement

where the functiond(x), Jo(x) follow the average\—Jline ~ With the congruence property. The sizeable difference in the

drawn in Fig. 11. Straightforward analytic calculations basecfOrrelation parameter values is related to the difference in the

on the Gaussian expression of A&, A, J) joint probability ~ Shapes of the major hysteresis loops. Of course such a dif-

enable calculating the\—J correlation resulting froms,,  [erence cannot be assigned to different composition spread-
once oy, oy and the slopesg=dA,/dx, y=dJ/dx are INgs, in other words the differences i, values listed in

Known Table IV should not be considered as significant. At the
' present time, we presumably assign such an effect to a struc-
a(A)=Voy + Bzoi, o(J)=Voy+ yzai, tural effect, probably associated with interplay between the

spin transition and a structural transition in the pure

B ,8'ya'§ [Febtr),(NCS),]-H,O system, inferred from pressure

ra,J)= o(A)o(d)’ 9) investigation&®2° and which might be responsible for the

o systematic shifts of the major hysteresis loop reported since
In other words, once the statistical valuesA), o(J),  the previous workd-12 upon repeated thermal cycling
r(A,J) have been measured, and usifg~930K, y  through the spin transition.
~190 K the standard deviation, values are immediately
derived. The complete sets of parameter values are reported
in the right three columns of Table III. IX. CONCLUSION
Obwously, €., accofd'”g to the shape_s_of the major hys- To summarize, the FORC approach has proved to be trac-
teresis loops, the Zn- diluted system exhibits a small spreac{- ble in th f spi lids. E . | d
ing of the composition parameter, compared to that of the cooe in the case of spin-crossover solids. Experimental data
o / ' . . on the system under study are consistent with the very
systems. This is possibly due to the ionic radius oflBn

: . simple picture of independent spin-like domains character-
which exactly maiches that of the (g in the HS state, and ized by their equilibrium temperature and internal interaction
allows the room-temperature crystal growth of the mixed

svstem to occur in the best steric conditions parameter. In the diluted system, a narrow distribution of
y . - S « . composition can explain the observed correlation between
Once accounting for the composition distribution, the “in-

trinsic” o, values of the diluted compounds show a reduceqequ”ibrium temperatures and internal interaction parameters.
A

increase with respect to that of the pure compound. It is

concluded t_h_at presumgbly dilution induce§ structural def_ects ACKNOWLEDGMENTS
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