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We report an observation of the light-induced excited spin state trapping effect of Fe21 ions using the
electron paramagnetic resonance~EPR! technique. The experiment was carried out with a Mn21-containing
molecular crystal of cis-bis~thiocyanato!-bis@~N-28-pyridylmethylene!-4-~aminobiphenyl!#-iron~II ! phase I.
First, the photomagnetic properties of the compound were investigated in order to determine the experimental
conditions for a complete low-to-high-spin photoconversion of the Fe21 ions. The photoinduced high-spin
fraction and the light-induced thermal Hysteresis studies under light irradiation at 830 nm show that a complete
spin photoconversion occurs in the temperature range below 40 K. The Mn21 EPR spectra recorded at these
temperatures clearly show two different patterns corresponding to the low-spin state of Fe21 ~without light
irradiation! and to the metastable high-spin state of this ion~under light irradiation!, confirming the complete
spin photoconversion. The values of the zero-field splitting parameterD for Mn21 in the low-temperature
light-induced high-spin structure are determined by computer simulations of the EPR spectra. These values
corroborate the temperature dependence ofD obtained using the superposition model for the high-spin state of
the compound above the thermal hysteresis loop.

DOI: 10.1103/PhysRevB.66.054423 PACS number~s!: 76.30.Fc, 78.20.Ls, 75.20.Ck
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I. INTRODUCTION

The spin conversion phenomenon experienced
transition-metal ions withd4–d7 configurations in octahe
dral ligand fields was discovered by Cambi and Cagnas1

for an iron ~III !-N,N-dialkyldithiocarbamate complex. Mos
of the spin conversion studies have been carried out on
~II ! molecular materials,2,3 mainly because of their possibl
applications in molecular electronic devices. The spin c
version of the Fe21 ion corresponds to a change of its ele
tronic state from the ‘‘normal’’ paramagnetic high-spin sta
~HS,S52! to the diamagnetic low-spin state~LS, S50!, and
can be induced by an external perturbation such as temp
ture, pressure or light irradiation.4 The later transformation
called light-induced excited spin state trapping~LIESST!,
first observed by Decurtins and co-workers,5,6 is particularly
promising for information storage. Indeed, as this pheno
enon occurs on a molecular scale, one bit of information
molecule can be processed. Using two different light exc
tion wavelengths, data can be recorded by the LIESST ef
and deleted by the reverse-LIESST effect.7 Besides, in the
absence of a crystallographic phase transition, the LS↔HS
transformation occurs without fatigue. Actually, possib
technical applications of the LIESST effect are limited, b
cause the optical information can be stored with a su
ciently long lifetime only at low temperatures~typically, be-
low circa 50 K!. Various synthesis methods, technic
characterizations and theoretical considerations are curre
employed to identify the parameters which produce a shif
the limiting LIESST temperature towards the domain of p
tential applications.8,9
0163-1829/2002/66~5!/054423~8!/$20.00 66 0544
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Among all experimental techniques~optical, magnetic,
Mössbauer effect, etc.! used to study the spin transition an
in particular, the LIESST phenomenon, electron param
netic resonance~EPR! is of particular interest, owing to its
sensitivity to both the magnetic state of the spin-chang
ion and the crystalline structure of the compound. Mea
while, the Fe21 ion is ‘‘EPR-silent’’ not only in the diamag-
netic LS state, but, in most cases of interest, also in
paramagnetic HS state, because of very short spin-lattice
laxation times and/or very large zero-field splitting. Fort
nately, the thermal spin transition can be monitored by E
in an indirect way by doping the compound with foreig
paramagnetic ions—spin probes.10–20 The advantage of the
indirect EPR spectroscopy is to provide data not on~more or
less trivial! short-rangetransformations in the close environ
ment of the spin-changing ion but rather on concomit
long-range transformations involving the whole structur
and, consequently, on the cooperativity between struct
units. Such data are particularly interesting, because the
operativity is asine qua noncondition for the existence of a
hysteresis loop, required for most technical applications. T
Mn21 ~3d5 configuration! ion is certainly the most appropri
ate paramagnetic probe for such studies, since its EPR s
tra, exhibiting both zero-field splitting and hyperfine spl
ting, yield more data in comparison with other foreig
paramagnetic ions. Besides, in the6S5/2 ground state of
Mn21, no local structure distortion occurs, in contrast to t
case, e.g., of the Jahn-Teller Cu21 ion.16

To our knowledge, up to now only one~unsuccessful!
attempt to observe the LIESST effect using the EPR has b
©2002 The American Physical Society23-1
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reported. That is, in Mn21-containing spin transition com
pounds@Fe(bpp)2#@CF3SO3#2•H2O and @Fe(bpp)2#@BF4#2
@bpp52,6-bis~pyrazol-3-yl!pyridine# under a laser irradiation
below the thermal spin transition region, Sung a
McGarvey17 observed a color change characteristic of
LS→HS conversion of Fe21 ions but no change in the Mn21

EPR spectrum. Consequently, these authors have infe
that, in contrast to the thermally induced spin transition,
low temperature light-induced LS→HS change produces n
concomitant transformation in the crystal structure. It sho
be noted, however, that in this study the light irradiation w
done outside the microwave cavity of EPR spectrome
therefore, one cannot be sure that the HS→LS back conver-
sion did not occur before recording the spectra. An E
experiment within situ light irradiation would certainly be
more conclusive.

The present work deals with the cis-bis~thiocyanato!-
bis@~N - 28-pyridylmethylene! - 4 - ~aminobiphenyl!# -iron~II !,
@Fe(PM-BiA)2(NCS)2# molecular compound, a member o
the @Fe(PM-L)2(NCS)2# ~L is a ligand! family.21–24 This
family is known for exhibiting very different types of mag
netic behavior, from incomplete and gradual to complete
more or less abrupt spin transition with or without hystere
Among such compounds, the@Fe(PM-BiA)2(NCS)2# phase
I ~Ref. 21! is particularly interesting, as far as it exhibits a
extremely abrupt spin transition, occurring within 1–2
with a narrow hysteresis.

The crystal structure of@Fe(PM-BiA)2(NCS)2# phase I
has been determined by X-ray diffraction at 298 K~HS state!
and 140 K~LS state!.21,24 In both spin states, this compoun
crystallizes in thePccnspace group and its molecular pac
ing can be described as sheets of molecules parallel to thac
plane. The Fe21 ions lay on a two-fold axis and are su
rounded by three pairs of nitrogen atoms belonging, resp
tively, the first one to a NCS2 group in acis position and the
two remaining ones to thePM-BiA ligand. The HS→LS
transition results in a shortening of the Fe-N bond leng
and a more regular FeN6 core, all N-Fe-N angles convergin
to 90° in the LS state.

Preliminary EPR data on the temperature-induced s
transition have shown that in this compound~in the powder
form! naturally doped with Mn21 ions the apparent intensit
of the X-band EPR spectra is much greater in the LS s
than in the HS state of Fe21 ions ~due to a less importan
angular spread of resonance fields!.19,20 So it is clear that, in
order to be observable by EPR, the light-induced LS→HS
transition must be nearly complete. Meanwhile, the rece
discovered light-induced thermal hysteresis~LITH ! effect in
cooperative spin-conversion compounds may limit the e
ciency of the LS→HS photoconversion for a bulk sample.21

In this paper the photomagnetic properties
@Fe(PM-BiA)2(NCS)2# phase I are first examined with th
aim to determine the experimental conditions for a comp
LS→HS photoconversion. Then, a LIESST experime
monitored by the Mn21 EPR spectroscopy with anin situ
light irradiation is described and discussed.

II. EXPERIMENT

Magnetic susceptibility measurements were carried w
~i! a Manics DSM-8 fully automatized Faraday-type magn
05442
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tometer equipped with a DN-170 Oxford Instrumen
continuous-flow cryostat and a BE 15f Bruker electromagne
operating atcirca 0.8 T and in the 80–300-K temperatur
range; and~ii ! a MPMS-55 Quantum Design SQUID~super-
conducting quantum interferences device! magnetometer op-
erating atcirca 2 T in the 2–300-K temperature range. Da
were corrected for the magnetization of the sample hol
and for diamagnetic contributions. The LIESST experime
were carried out with the SQUID magnetometer coupled
an optical fiber diode laser~the excitation wavelengthlexc
5830615 nm! or a Kr1 laser operating on single-line~532
nm! or multiline modes~647.7–676.4 nm!. In order to obtain
a complete spin conversion, a very thin layer of the co
pound was used in these experiments. Its weight was de
mined by comparing its thermal spin transition curve w
that recorded with an accurately weighed bulk sample of
same compound. In order to prevent the sample heating
laser power at the sample surface was limited tocirca 5
mW/cm2. Note that a local rise of the sample temperatu
would tend to decrease the magnetic response and, co
quently, a jump of the signal would be detected when swit
ing the light off, which has not been the case.

The X-band (n'9.3 GHz) EPR spectra in the 10–177-
range were recorded with a Bruker EMX spectrometer p
vided with an ER4112HV variable temperature unit. T
Q-band (n'34.8 GHz) EPR spectra were recorded in t
114–293-K range with a Bruker ESP300 spectrometer s
plied with an ER4121VT digital temperature control un
The X-band EPR-monitored LIESST experiments were a
carried out on a thin layer of the compound. The sample w
deposited in a silica tube of a diameter of 4 mm connecte
a T which allowed both a vacuum pumping and anin situ
irradiation generated by an optical fiber coupled to a la
diode. The optical fiber was adjusted outside the EPR ca
in order to avoid producing a spurious resonance. The sig
to-noise ratio was improved by accumulating the EPR sp
tra of Mn21 in the light-induced HS structure over 20 ma
netic field sweeps.

III. PHOTOMAGNETIC PROPERTIES

Preliminary data on the photomagnetic properties
@Fe(PM-BiA)2(NCS)2# phase I were obtained by irradia
ing the sample at 10 K with 532- or 647–676.4-nm wav
length light.21 The limiting values ofxMT ~xM stands for the
molar magnetic susceptibility andT for the temperature!
reached under irradiation indicated an incomplete photoc
version of circa 20%. Recently it has been observed th
light irradiation at 830 nm induces a complete LS→HS con-
version. This has been attributed to the presence of a m
to-ligand charge-transfer absorption band around 640
hindering the light penetration in the bulk of the sample
the irradiation occurs in the visible spectral range.25

Figure 1 illustrates the magnetic and photomagnetic pr
erties of the compound in a broad temperature range.
temperature-induced spin transition, shown in the hig
temperature part, occurs with the characteristic temperat
~corresponding to equal amounts of HS and LS Fe21 ions!
T1/2↓5168 K in the cooling mode andT1/2↑5173 K in the
3-2
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warming mode. The low-temperature part shows the pho
magnetic response recorded at 830 nm in both the coo
and warming modes. The sample is first cooled down to 1
without irradiation, so that a complete thermally induc
HS→LS conversion of Fe21 ions occurs. Next the sample
irradiated, and a rapid increase of the magnetic respons
observed, confirming the LS→HS photoconversion. When
the photostationary response is reached~usually after 1 h of
irradiation!, the sample is slowly~0.3 K/min! warmed up to
100 K and then cooled back to 10 K at the same rate.
LITH effect is clearly detected in this experience; the sha
of the LITH curve in the cooling mode suggests that a co
plete photoinduced LS→HS conversion is reached only be
low 20 K. The LITH effect was also observed by Desa
et al.26 in a @FexCo12x(btr)2(NCS)2#•H2O compound, and
has been attributed to a competition between the cons
photoexcitation and the self-accelerated thermal relaxa
process. The shape of the LITH curve is strongly depend
on the irradiation procedure and particularly on the cool
rate. Figure 1 also shows irradiation experiments perform
at 70, 60, 50, 40, 30, and 20 K. At a given temperature,
sample~initially in the LS state! is light irradiated until the
saturation of the photomagnetic response. Between two
secutive measurement temperatures the sample is maint
for 5 min at 100 K in the dark in order to eliminate th
photoinduced HS ion fraction. One can see that a comp
photoinduced LS→HS conversion is reached for temper
tures belowcirca 40 K.

IV. EPR DATA ON THE THERMALLY INDUCED
TRANSITION

The previous EPR experiments have shown that the p
der @Fe(PM-BiA)2(NCS)2# phase I compound was natu

FIG. 1. Temperature dependence of thexMT product for powder
sample of@Fe(PM-BiA)2(NCS)2# phase I. The different symbol
show data obtained:~l! in the cooling and warming modes withou
irradiation ~the thermally-induced spin transition with hysteresi!,
~n! with light irradiation at a fixed temperature, and~j! in the
cooling and warming modes~0.3 K min21! after the light irradiation
was applied for one hour, then turned off~the light-induced therma
hysteresis!.
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rally doped with 0.1% Mn/Fe.19,20 Figure 2 illustrates EPR
spectra series for the two microwave bands obtained in s
ning the temperature range of the spin transition. The spe
only slightly change in cooling down from room temperatu
to the thermally induced spin transition temperature, the
striking change occurs in the range 174–171 K. At low
temperatures the spectra remain almost temperat
independent. In the warming mode the spectra gradu
change from 20 to 174 K, then a marked transformat
takes place between 174 and 177 K. Note the two quite
ferent Mn21 spectra patterns, corresponding to the HS a
LS structures, observed at the same temperature in the w
ing and cooling modes. One can see that the thermal hy
esis is at least as clearly observed in the EPR spectra a
the magnetic susceptibility curve~cf. with the right part of
Fig. 1!.

The EPR spectra can be well described by the orthorh

FIG. 2. Transformation of theX-band~a! andQ-band~b! EPR
spectra of Mn21-containing spin transition compoun
@Fe(PM-BiA)2(NCS)2# phase I in powder form. The temperatu
in the cooling~T↓! and warming~T↑! modes are shown alongsid
the curves.
3-3
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H. DAUBRIC et al. PHYSICAL REVIEW B 66, 054423 ~2002!
bic spin Hamiltonian including only quadratic zero-fie
splitting ~ZFS! terms, defined within the usual conventio
that 0<h53E/D<1, and the hyperfine~HF! term

H5gbB"S1DFSz
22

1

3
S~S11!G1E~Sx

22Sy
2!1AS"I

~1!

where S5 5
2 and I 5 5

2 , and all symbols have their usua
meaning. In theQ-band spectra and in theX-band spectra
corresponding to the LS state of Fe21 the conditions
uDu,uEu,uAu!gbB hold with a good precision. A quantitativ
characterization of the EPR spectra transformations throu
out the whole temperature range studied, including the s
transition region, has been obtained by numerical simu
tions using two different laboratory-developed compu
simulation codes. The first one is based on Bir’s version
the perturbation theory,27,28 and allows taking into accoun
all allowed ZFS components (M↔M61) and both allowed
(Dm50) and forbidden (Dm561,62,63,64,65) HF
components with their corresponding intensities.~The latter
components arise because, for comparable absolute valu
ZFS and HF parameters, the selection rules governing
intensities of various HF transitions are broken down.18,27,28!
However, the perturbation theory code could not be use
simulateX-band Mn21 spectra in the HS compound, becau
of too high D parameter values in comparison with th
X-band microwave quantum. So we have worked out a s
ond simulation code, based on exact diagonalization of
spin Hamiltonian@Eq. ~1!# matrix with no HF term; the latter
one has been treated as a perturbation. This code is m
more time consuming, so, for comparable computing tim
it generates much more noisy spectra. Besides, the spe
features of theX-band HS-structure Mn21 spectra, in con-
trast with the correspondingQ-band spectra,@cf. Figs. 2~a!
and 2~b!,# are rather poorly resolved because of a superp
tion of various ZFS components. On the other hand, ow
to this superposition, the computer-generated spectra are
ticularly sensitive to the choice of the ZFS parameters.
deed, in computer simulating theX-band HS-structure Mn21

spectra with the exact diagonalization code, the best-fit
rameters could be reliably deduced from the match of
main spectral feature positions.

The EPR spectra have been computer simulated accor
to the following expression:28

P~B!5 (
M52S11

S

(
m52I

I

(
Dm50

um1Dmu<I

5

3E
0

2pE
0

p

WM ,m,DmUdBM ,m,Dm

dn U
3F@B2BM ,m,Dm ,DBpp#sinq d q dw ~2!

whereWM ,m,Dm(D,E,q,w) are the intensities of the corre
sponding transitions averaged over all directions of the
crowave magnetic field andF is the line shape with a peak
to-peak linewidthDBpp including broadening due to spin
lattice and spin-spin interactions as well as to static disor
05442
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q and w are the polar and azimuthal angles of the sta
magnetic fieldB with respect to the axes of the spin Ham
tonian ~1!, BM ,m,Dm(D,E,q,w) are the resonance magnet
fields, andn is the microwave frequency.

Figure 3 shows simulations of the Mn21 EPR spectrum at
174 K in the warming mode~LS state of Fe21! using the
perturbation theory code. Note that the same set of the si
lation parameters has been used in both theX andQ bands.
The close fits of the experimental EPR spectra obtained w
spin Hamiltonian~1! justify the neglect of all other spin
Hamiltonian terms, such as the quartic ZFS terms, as we
the nuclear Zeeman and nuclear quadrupole terms. Figu
shows the simulation results of the Mn21 EPR spectrum in
the HS state of Fe21: at 174 K in the cooling mode@~a! and
~b!# and at room temperature~c!. In theQ-band@~b! and~c!#
very convincing fits are obtained. In theX-band spectrum~a!,
in spite of relatively high noise level in both the experime

FIG. 3. Computer fits to the EPR spectra of Mn21-containing
@Fe(PM-BiA)2(NCS)2# phase I at 174 K in the warming mod
~the LS state of Fe21! performed with the perturbation theory cod
in theX band~a! and theQ band~b!. The simulation parameters ar
the same for the two bands,viz., g52.000,D516231024 cm21,
E55331024 cm21, A528231024 cm21, andDBpp50.25 mT.
3-4
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FIG. 4. Computer fits to the EPR spectrum of Mn21-containing
@Fe(PM-BiA)2(NCS)2# phase I in the HS state of Fe21: ~a! At 174
K in the cooling mode in theX band~with the exact diagonalization
code D542031024 cm21, E51731024 cm21, and DBpp

51.0 mT!. ~b! In the same conditions in theQ band~with the per-
turbation theory code and the same simulation parameters!. ~c! At
room temperature in theQ band~with the perturbation theory cod
D531031024 cm21, E53131024 cm21, and DBpp51.1 mT!.
In all cases,g52.000 andA528231024 cm21.
05442
tal and computer-generated spectra~the exact diagonalization
code has been used here!, the main features are satisfactori
reproduced with the same set of simulation parameters a
the Q-band spectrum at the same temperature~b!.

The g factor and the HF constantA have been found iso
tropic with a good accuracy,g52.00060.003 and A
5(28261)31024 cm21. These two values are not appr
ciably modified in the course of the spin transition; in co
trast, quite significant changes occur in the ZFS parame
D and E. The temperature dependence of these parame
as well as of the rhombic-to-axial parameter ratioh
53E/D, deduced from the computer simulations of the EP
spectra, are shown in Fig. 5. It follows that in the HS stru
ture a quasiaxial symmetry is ‘‘seen’’ by the Mn21 ion (h
!1). On the other hand, in the LS structure the Mn21 sites
are subject to the maximal degree of rhombic distortionh
'1).

The intrinsic linewidthDBpp is another essential EPR
spectra characteristic significantly modified in the course
the LS→HS transition. Indeed, we have observed the
crease ofDBpp from 0.2 mT in the LS state to 1 mT in th
HS state due to the advent of magnetic interactions betw
Mn21 and paramagnetic HS Fe21 ions20 @cf. the legends of
Figs. 3 and 4 and of Figs. 7~a! and 7~b!, vide infra#.

Assuming that the Mn21 paramagnetic probe substitute
for the Fe21 ions, the temperature dependence of the ax
ZFS parameterD can be obtained with the Newman supe
position model29 amended for contributions of thermal ex
pansion of the crystal lattice and lattice vibrations.30,31 We
have fitted theD(T) dependence, as obtained from the co
puter simulations, by the following expression:

D~T!5
1

2
b̄2~r 0!(

i 51

6 F r 0

r i~T!G
t2

~3 cos2 q i21!1Dn0 coth
Q

2T
.

~3!

FIG. 5. Temperature dependence of the ZFS parameters
Mn21 ions ~symbols! in the two spin states of Fe21 determined by
computer simulations of the EPR spectra. The unfilled and fil
symbols correspond, respectively, to the thermally induced s
transition and to the light-induced excited spin state of Fe21. The
full lines are computer fits to the temperature dependence of
axial parameterD described by Eq.~3!. The dashed lines are guide
for the eyes.
3-5
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The first term on the right-hand side of Eq.~3! is the standard
superposition-model expression withb̄2(r 0) an intrinsic pa-
rameter, r 052.101 Å a reference metal-ligand distanc
r i(T) andq i the spherical coordinates of thei th ligand, and
t2 a power-law exponent. The second term accounts for
contribution of the lattice vibrations,20,30,31with Dn0 propor-
tional to the fundamental phonon frequency atT50 K, and
Q the Debye temperature. We assume that in a given
state the local structure is temperature-independent with
spect to the unit cell system, and we allow for a linear th
mal expansion of the bond lengths between the metal ion
the j th ligand in proportion to the temperature expansion
the unit cell parameters.20 The Debye temperature values
the LS and HS states are chosen asQLS5150 K andQHS
5130 K, in accordance with those calculated by Boukh
daden and Varret for a similar compoun
Fe(py)2bipym(NCS)2 .32 With these assumptions, the best
to the experimentalD(T) dependence is obtained forDn0

521031024 cm21, b̄2(r 0)5212031024 cm21, t254,
Dn0522031024 cm21, b̄2(r 0)5222031024 cm21, and
t258, respectively for the LS and HS states, as shown w
full lines in Fig. 5.@TheseDn0 and b̄2(r 0) values are some
what different with respect to the previously quoted one20

because of the use of two distinct Debye temperatures for
two spin states.#

The reduction of the power law exponentt2 in the LS
state in comparison with the HS state is consistent with
decrease of the Fe-N bond lengths in the HS to LS transit
As far as the true metal-to-ligand distances are concer
we note that in the sixfold coordination the ionic radius
the substituting spin probe Mn21, RMn2150.97 Å, is consid-
erably different from those of the replaced Fe21 ion in both
the LS state, RFe

LS
2150.75 Å and the HS state,RFe

HS
21

50.92 Å.33 Therefore, the arrangement of the ligands
Mn21 can be somewhat different from that of the Fe21 ions.
In particular, the change of the metal-to-ligand distances
the spin conversion temperature is certainly less pronoun
for Mn21, since this ion does not undergo any transition
this temperature. Thus the Mn21 ion is more tightly fitted to
the less roomy LS Fe21 sites than to the HS Fe21 sites. One
can conclude that the spin transition of Fe21 induces consid-
erable modifications not only in its own close environme
but also in the whole crystal structure.

V. LIESST EFFECT OBSERVED BY EPR

The above findings show that the@Fe(PM-
BiA)2(NCS)2# phase I compound is a good candidate fo
LIESST study using EPR spectroscopy. The experimen
carried out in the temperature range where the comp
photoinduced LS→HS conversion has been reached, s
Sec. III. The sample is first cooled down to a temperat
well below the thermally induced spin transition region,viz.,
40, 30, 20, and 10 K. In the absence of light irradiation,
X-band EPR spectra recorded at these temperatures are
acteristic of the LS compound structure@cf. Figs. 6~a! and
2~a!#. Next the sample is light irradiated at each abov
mentioned temperature duringcirca 1 h. The EPR spectra
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measured just after the irradiation@Fig. 6~b!#, show a dra-
matic change, their shape clearly corresponding to the
structure. Between two successive low-temperature rec
ings the sample is warmed up to 100 K and the EPR spec
recorded after cooling down again, recover the shape
served before the light irradiation. The reversibility of th
spectra transformation provides one more proof of the f
that the EPR spectra recorded after light irradiation cor
spond to the HS structure.

In order to obtain a quantitative characterization of t
light-inducedX-band EPR spectra, they have been compu
simulated. Figure 7 compares the simulation results of
experimental spectra recorded at 20 K without light irrad
tion @a LS state of Fe21 ~a!# and under light irradiation@a HS
state of Fe21 ~b!#. Note a considerable~circa five times!
increase of the intrinsic linewidth with respect to the spe
trum corresponding to the LS state of Fe21. The relatively
weak signal-to-noise ratio in the experimental Mn21 EPR
spectrum in the HS structure is due to the small amoun

FIG. 6. ExperimentalX-band EPR spectra of Mn21-containing
@Fe(PM-BiA)2(NCS)2# phase I at the temperatures shown alo
side the curves:~a! after cooling down from room temperature with
out light irradiation;~b! after one hour of light irradiation.
3-6
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LIGHT-INDUCED EXCITED SPIN-STATE TRAPPING . . . PHYSICAL REVIEW B66, 054423 ~2002!
the compound used in the experiment in order to obtai
complete light-induced spin conversion. Nevertheless, si
larly to the case of high-temperatureX-band Mn21 spectrum
in the HS structure@see Fig. 4~a!#, all the main features in the

FIG. 7. Computer fits to theX-band EPR spectrum o
Mn21-containing @Fe(PM-BiA)2(NCS)2# phase I at 20 K:~a!
Without light irradiation~the LS state of Fe21!, the simulation pa-
rameters~obtained with the perturbation theory code! are D5190
31024 cm21, E56331024 cm21, and DBpp50.25 mT. ~b! Un-
der light irradiation~the HS state of Fe21!, the simulation param-
eters ~obtained with the exact diagonalization code! are D5540
31024 cm21, E5531024 cm21, and DBpp51.25 mT. In both
cases,g52.000 andA528231024 cm21.
.u

is.

d.

05442
a
i-

experimental spectra are satisfactorily reproduced.
Finally, the ZFS parameters for Mn21 ions in the HS

structure, obtained in the EPR-monitored LIESST study
der light irradiation, have been adjoined to Fig. 5~filled sym-
bols!. Note that these data fit perfectly well th
superposition-model predictedD(T) dependence.

VI. CONCLUSION

This study reports the EPR observation of the LIES
effect. The photomagnetic properties of the@Fe(PM-
BiA)2(NCS)2# phase I~naturally doped with Mn21! were
investigated in order to determine the experimental con
tions for a complete LS→HS photoconversion of the Fe21

ions. The LITH curve was recorded and the photoinduc
HS fraction was followed in the 10–70 K temperature ran
A complete photoconversion was obtained below 40 K w
light irradiation at 830 nm. The EPR spectra recorded
tween 10 and 40 K without and with light irradiation unam
biguously show a complete LS→HS photoconversion, in
agreement with the photomagnetic study. The EPR spect
the Mn21 ions in the metastable low-temperature photo
duced HS structure were analyzed by computer simulatio
The values of the ZFS parameterD in this structure match
the D(T) dependence predicted by the superposition mo
for the corresponding high-temperature HS structure.

The EPR study of the thermal spin transition shows
possibility of separately supervising the magnetic~spin-state!
conversion and the related structural change by simu
neously monitoring the intrinsic linewidth and the sp
Hamiltonian parameters. It would be interesting to carry
such a study on a spin-changing compound with a slow
of the LS→HS structural transformation. In this case, a lig
irradiation at temperatures below the spin transition ra
would produce the HS state of a spin-changing ion in a
crystalline structure. Thus, by recording time-resolved E
spectra during light irradiation in the LIESST effect cond
tions, one could separately supervise the kinetics of the
terrelated magnetic and structural transitions involved in
phenomenon.
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