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We report an observation of the light-induced excited spin state trapping effect®6fifies using the
electron paramagnetic resonar(&PR) technique. The experiment was carried out with a’NMgontaining
molecular crystal of cis-bithiocyanato-big (N-2’-pyridylmethyleng-4-(aminobipheny)]-iron(ll) 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 th&'Fens. 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. TR& EIRR spectra recorded at these
temperatures clearly show two different patterns corresponding to the low-spin stat&"ofvfithout light
irradiation and to the metastable high-spin state of this (onder light irradiatio, confirming the complete

spin photoconversion. The values of the zero-field splitting paraniztiar Mn?* in the low-temperature
light-induced high-spin structure are determined by computer simulations of the EPR spectra. These values
corroborate the temperature dependenc® 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 nunider76.30.Fc, 78.20.Ls, 75.20.Ck

I. INTRODUCTION Among all experimental technique®ptical, magnetic,
Mossbauer effect, efcused to study the spin transition and,
The spin conversion phenomenon experienced byn particular, the LIESST phenomenon, electron paramag-
transition-metal ions witld*—~d’ configurations in octahe- npetic resonancéEPR) is of particular interest, owing to its
dral ligand fields was discovered by Cambi and Cagriassosensitivity to both the magnetic state of the spin-changing
for an iron (I11)-N,N-dialkyldithiocarbamate complex. Most ion and the crystalline structure of the compound. Mean-
of the spin conversion studies have been carried out on irom,h“e’ the F&" ion is “EPR-silent” not only in the diamag-
(Il) molecular materials;’ mainly because of their possible atic LS state, but, in most cases of interest, also in the

appl!catlofntshanéoI'ecular electrocriuctdevmﬁs. The fsftp'” Icon'paramagnetic HS state, because of very short spin-lattice re-
version ot the lon corresponds 1o a change of 1S €1€C- |5, ation times and/or very large zero-field splitting. Fortu-

Eﬁg'csitg;et;r%rg é?aem:l;):g;‘é Ig\?vr_zr;ﬁgsr::gshgjbs)p'gnztatenately, the thermal spin transition can be monitored by EPR

o . ' ' in an indirect way by doping the compound with foreign
can be induced by an external perturbation such as temperazirama netic ions—snin prob¥s2° The advantade of the
ture, pressure or light irradiatiéhThe later transformation, P 9 —spin p ' 9

called light-induced excited spin state trappiiESST), indiregt _EPR SPectroscopy is to pr_ovidg data notriore or

first observed by Decurtins and co-workefsis particularly less trivia) shortjrangetra.nsfo.rmatlons in the close enwrc_)n-
promising for information storage. Indeed, as this phenomMent of the spin-changing ion but rather on concomitant
enon occurs on a molecular scale, one bit of information pelong-range transformations involving the whole structure,
molecule can be processed. Using two different light excita@nd, consequently, on the cooperativity between structural
tion wavelengths, data can be recorded by the LIESST effec¢inits. Such data are particularly interesting, because the co-
and deleted by the reverse-LIESST effe@esides, in the operativity is asine qua norcondition for the existence of a
absence of a crystallographic phase transition, thesHS  hysteresis loop, required for most technical applications. The
transformation occurs without fatigue. Actually, possibleMn?* (3d® configuration ion is certainly the most appropri-
technical applications of the LIESST effect are limited, be-ate paramagnetic probe for such studies, since its EPR spec-
cause the optical information can be stored with a suffitra, exhibiting both zero-field splitting and hyperfine split-
ciently long lifetime only at low temperaturég/pically, be-  ting, yield more data in comparison with other foreign
low circa 50 K). Various synthesis methods, technical paramagnetic ions. Besides, in ti#&s, ground state of
characterizations and theoretical considerations are currentMn?*, no local structure distortion occurs, in contrast to the
employed to identify the parameters which produce a shift otase, e.g., of the Jahn-Teller €uion.*®

the limiting LIESST temperature towards the domain of po- To our knowledge, up to now only on@nsuccessful
tential application$:® attempt to observe the LIESST effect using the EPR has been
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reported. That is, in Mh"-containing spin transition com- tometer equipped with a DN-170 Oxford Instruments
pounds[ Fe(bpp)}][CF;SQ;],- H,0 and[Fe(bpp)][BF,],  continuous-flow cryostat and a BE flBruker electromagnet
[bpp= 2,6-bigpyrazol-3-yhpyridine] under a laser irradiation operating afcirca 0.8 T and in the 80—-300-K temperature
below the thermal spin transition region, Sung andrange; andii) a MPMS-55 Quantum Design SQUIBuper-
McGarvey’ observed a color change characteristic of theconducting quantum interferences deyiogagnetometer op-
LS—HS conversion of F&" ions but no change in the MA erating atcirca 2 T in the 2—300-K temperature range. Data
EPR spectrum. Consequently, these authors have inferradere corrected for the magnetization of the sample holder
that, in contrast to the thermally induced spin transition, theand for diamagnetic contributions. The LIESST experiments
low temperature light-induced LSHS change produces no were carried out with the SQUID magnetometer coupled to

concomitant transformation in the crystal structure. It shouldan optical fiber diode lasethe excitation wavelength oy
be noted, however, that in this study the light irradiation was_ g3g+ 15 nm or a Kr* laser operating on single-lin@32

done outside the microwave cavity of EPR spectrometernm) or multiline modeg647.7—676.4 nm In order to obtain
therefore, one cannot be sure that the-HISS back conver- complete spin conversion, a very thin layer of the com-

sion did not occur before recording the spectra. An EPR,, 4 \vas used in these experiments. Its weight was deter-
experiment W_|th|n situ light irradiation would certainly be mined by comparing its thermal spin transition curve with
more conclusive. that recorded with an accurately weighed bulk sample of the

The present work deals with the cisiisocyanato same compound. In order to prevent the sample heating, the
DISL(N - 2'-pyridylmethyleng- 4 - (aminobipheny]-iron(ll), ¢ laser power at the sample surface was limitedcica 5

Fe(PM-BiA),(NCS),] molecular compound, a member o ;
LFe( A)2( k] . pou mW/cn?. Note that a local rise of the sample temperature

the [Fe(PM-L),(NCS),] (L is a ligand family.?*=2* This ,
family is known for exhibiting very different types of mag- would tend to decrease the magnetic response and, conse-

netic behavior, from incomplete and gradual to complete anguéntly, a jump of the signal would be detected when switch-
more or less abrupt spin transition with or without hysteresisind the light off, which has not been the case.

Among such compounds, tfiee(PM-BiA),(NCS),] phase The X-band (»~9.3 GHz) EPR spectra in the 10-177-K

| (Ref. 21) is particularly interesting, as far as it exhibits an range were recorded with a Bruker EMX spectrometer pro-
extremely abrupt spin transition, occurring within 1-2 K, vided with an ER4112HV variable temperature unit. The

with a narrow hysteresis. Q-band (¥=~34.8 GHz) EPR spectra were recorded in the
The crystal structure dfFe(PM-BiA),(NCS),] phase | 114-293-K range with a Bruker ESP300 spectrometer sup-
has been determined by X-ray diffraction at 298HS state¢  plied with an ER4121VT digital temperature control unit.
and 140 K(LS state.”?*In both spin states, this compound The X-band EPR-monitored LIESST experiments were also
crystallizes in thePccnspace group and its molecular pack- carried out on a thin layer of the compound. The sample was
ing can be described as sheets of molecules parallel tacdhe deposited in a silica tube of a diameter of 4 mm connected to
plane. The F€" ions lay on a two-fold axis and are sur- a T which allowed both a vacuum pumping and iarsitu
rounded by three pairs of nitrogen atoms belonging, respegrradiation generated by an optical fiber coupled to a laser
tively, the first one to a NCSgroup in acis position and the  gjode. The optical fiber was adjusted outside the EPR cavity
two remaining ones to th®M-BiA ligand. The HS-LS iy order to avoid producing a spurious resonance. The signal-
transition results in a shortening of the Fe-N bond lengthsg_noise ratio was improved by accumulating the EPR spec-

and a more regular Fef\tore, all N-Fe-N angles converging tra of Mr?* in the light-induced HS structure over 20 mag-
to 90° in the LS state. netic field sweeps.

Preliminary EPR data on the temperature-induced spin
transition have shown that in this compougid the powder
form) naturally doped with Mfi* ions the apparent intensity lll. PHOTOMAGNETIC PROPERTIES
of the_ X-band EPR spectra ?S much greater in t_he LS state Preliminary data on the photomagnetic properties of
than in the HS state of Fe lons (duoe o a less important [Fe(PM-BiA),(NCS),] phase | were obtained by irradiat-
angular spread of resonance figl?° So it is clear that, in ing the sample at 10 K with 532- or 647—676.4-nm wave-
order_ to be observable by EPR, the Ilght-ln_duced—LISS length light?! The limiting values ofyy T (xu Stands for the
transition must be nearly complete. Meanwhile, the recentl olar magnetic susceptibility and for the temperatune
d|scovergd I|gh.t-|nduced 'Fhermal hysterediTH) _effect N reached under irradiation indicated an incomplete photocon-
cpoperauve Spin-conversion compqunds may limit the eff"version of circa 20%. Recently it has been observed that
ciency of the LS~ HS photoconversion for a bulk sampfe. light irradiation at 830 nm induces a complete-£$IS con-

In this paper the photomagnetic properties 0fversion This has been attributed to the
: ; . . . presence of a metal-
[Fe(PM-BiA),(NCS),] phase | are first examined with the to-ligand charge-transfer absorption band around 640 nm,

aim to determine the ex_perimental conditions for a COr_npleteﬁindering the light penetration in the bulk of the sample if

LS_’. HS photoconveismn. Then, a LlESS.T experimenty, e jrradiation occurs in the visible spectral raffge.

monitored by the MA" EPR spectroscopy with aim situ Figure 1 illustrates the magnetic and photomagnetic prop-

light irradiation is described and discussed. erties of the compound in a broad temperature range. The

temperature-induced spin transition, shown in the high-

temperature part, occurs with the characteristic temperatures
Magnetic susceptibility measurements were carried with{corresponding to equal amounts of HS and LS Fns

(i) a Manics DSM-8 fully automatized Faraday-type magne-Ty,»| =168 K in the cooling mode andl,,,] =173 K in the

Il. EXPERIMENT
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FIG. 1. Temperature dependence of fhel product for powder
sample off Fe(PM-BiA),(NCS),] phase I. The different symbols

show data obtained:# ) in the cooling and warming modes without rrrrprTTTT T T T T lb'
irradiation (the thermally-induced spin transition with hystergsis Ty=177K x 10
(A) with light irradiation at a fixed temperature, aill) in the

cooling and warming mode®.3 K min™?) after the light irradiation Ty=174K X 10

was applied for one hour, then turned @ffe light-induced thermal
hysteresis

Ty=171K 1}”1%&

TJ/=168K MMM
T7=171K MMM
T7=1714K MMM

Tt=177K x10

warming mode. The low-temperature part shows the photo-
magnetic response recorded at 830 nm in both the cooling
and warming modes. The sample is first cooled down to 10 K
without irradiation, so that a complete thermally induced
HS— LS conversion of F&" ions occurs. Next the sample is
irradiated, and a rapid increase of the magnetic response is
observed, confirming the -SHS photoconversion. When
the photostationary response is reacligsbially afte 1 h of Q-Band| | | |
irradiation, the sample is slowly0.3 K/min) warmed up to TIPS
100 K and then cooled back to 10 K at the same rate. The
LITH effect is clearly detected in this experience; the shape
of the LITH curve in the cooling mode suggests that a com- 5 2 Transformation of th-band () and Q-band (b) EPR
plete photoinduced LS HS conversion is reached only be- gnectra  of MA*-containing spin  transiton compound
low 20 K. The LITH effect was also observed by Desaix[fePM-BiA),(NCS),] phase | in powder form. The temperature

etal®®in a [F_@COl,X(btr)g(NCS)z_]_- H,O compound, and in the cooling(T|) and warming(TT) modes are shown alongside
has been attributed to a competition between the constagie curves.

photoexcitation and the self-accelerated thermal relaxation

process. The shape of the LITH curve is strongly dependerfally doped with 0.1% Mn/Fé%2° Figure 2 illustrates EPR

on the irradiation procedure and particularly on the coolingspectra series for the two microwave bands obtained in scan-
rate. Figure 1 also shows irradiation experiments performe@ing the temperature range of the spin transition. The spectra
at 70, 60, 50, 40, 30, and 20 K. At a given temperature, thenly slightly change in cooling down from room temperature
sample(initially in the LS statg is light irradiated until the o the thermally induced spin transition temperature, then a
saturation of the photomagnetic response. Between two CoRtriking change occurs in the range 174—171 K. At lower
secutive measurement temperatures the sample is maintaingnperatures the spectra remain almost temperature-
for 5 min at 100 K in the dark in order to eliminate the independent_ In the Warming mode the spectra gradua”y
photoinduced HS ion fraction. One can see that a completghange from 20 to 174 K, then a marked transformation
photoinduced LS-HS conversion is reached for tempera- takes place between 174 and 177 K. Note the two quite dif-

Derivative of Absorption (arb. units)

1100 1150 1200 1250 1300
Magnetic Field (mT)

tures belowcirca 40 K. ferent Mrf™ spectra patterns, corresponding to the HS and
LS structures, observed at the same temperature in the warm-

IV. EPR DATA ON THE THERMALLY INDUCED ing apd cooling modes. One can see that the thermal hyste_r—
TRANSITION esis is at least as clearly observed in the EPR spectra as in

the magnetic susceptibility curvef. with the right part of
The previous EPR experiments have shown that the powrig. 1).
der [Fe(PM-BiA),(NCS),] phase | compound was natu-  The EPR spectra can be well described by the orthorhom-
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bic spin Hamiltonian including only quadratic zero-field TTI— '174|K' L
splitting (ZFS) terms, defined within the usual convention -
that 0< »=3E/D =<1, and the hyperfinéHF) term

E .
xperiment LS state

1
H=gpBB-S+D|S2— 38(5+1)

+E(Si—S) +AS
(1)

where S=3 and =%, and all symbols have their usual
meaning. In theQ-band spectra and in th&-band spectra o
corresponding to the LS state of #e the conditions w
|D|,|E|,|A]<gBB hold with a good precision. A quantitative

characterization of the EPR spectra transformations through-

out the whole temperature range studied, including the spin X-Band
transition region, has been obtained by numerical simula- T
tions using two different laboratory-developed computer 270 300 330 360 390
simulation codes. The first one is based on Bir’s version of M agnetic Field (mT)

the perturbation theor’/;?® and allows taking into account
all allowed ZFS componentsV{«~»M * 1) and both allowed T7I‘=
(Am=0) and forbidden Am==*1,+2+3,+4,+5) HF
components with their corresponding intensiti€ghe latter
components arise because, for comparable absolute values of
ZFS and HF parameters, the selection rules governing the
intensities of various HF transitions are broken ddf:2§
However, the perturbation theory code could not be used to
simulateX-band Mrf* spectra in the HS compound, because
of too high D parameter values in comparison with the
X-band microwave quantum. So we have worked out a sec-
ond simulation code, based on exact diagonalization of the
spin Hamiltoniar{Eq. (1)] matrix with no HF term; the latter

one has been treated as a perturbation. This code is much
more time consuming, so, for comparable computing times,

Derivative of Absorption (arb. units)

J T T T l T T T T | T T

174 K b

i

Experiment LS state

—

L

i

Simulation

Derivative of Absorption (arb. units)

. . . Q-Band

it generates much more noisy spectra. Besides, the spectral AU B
features of thex-band HS-structure M spectra, in con- 1150 1200 1250
trast with the correspondin@-band spectrajcf. Figs. 2a) M agnetic Field (mT)

and 2b),] are rather poorly resolved because of a superposi-
tion of various ZFS components. On the other hand, owing FIG. 3. Computer fits to the EPR spectra of Meacontaining
to this superposition, the computer-generated spectra are paFe(PM-BiA),(NCS),] phase | at 174 K in the warming mode
ticularly sensitive to the choice of the ZFS parameters. In{the LS state of F&¢") performed with the perturbation theory code
deed, in computer simulating théband HS-structure M in the X band(a) and theQ band(b). The simulation parameters are
spectra with the exact diagonalization code, the best-fit pathe same for the two bandsiz, g=2.000,D=162x10"* cm™*,
rameters could be reliably deduced from the match of th&=53x10"* cm !, A=—82x10* cm™*, andAB,=0.25mT.
main spectral feature positions.

The EPR spectra have been computer simulated accordi
to the following expressioff

¥ and ¢ are the polar and azimuthal angles of the static
r?ﬂagnetic fieldB with respect to the axes of the spin Hamil-
tonian (1), By mam(D,E, ¥, ¢) are the resonance magnetic

s | 5 fields, andv is the microwave frequency.
PB)= > D Figure 3 shows simulations of the ¥Ih EPR spectrum at
M=—-S+1m=-I Am=0 174 K in the warming modéLS state of F&") using the
m+Am|<I perturbation theory code. Note that the same set of the simu-
27 (7 dBy mam lation parameters has been used in bothXhend Q bands.
X fo fo W, m,am T The close fits of the experimental EPR spectra obtained with

spin Hamiltonian(1) justify the neglect of all other spin
XF[B— By mam,ABpplsind d ¢ de (2)  Hamiltonian terms, such as the quartic ZFS terms, as well as
o the nuclear Zeeman and nuclear quadrupole terms. Figure 4
whereWy mam(D,E,3,¢) are the intensities of the corre- shows the simulation results of the K EPR spectrum in
sponding transitions averaged over all directions of the mithe HS state of P& : at 174 K in the cooling modga) and
crowave magnetic field anfl is the line shape with a peak- (b)] and at room temperatufe). In the Q-band[(b) and(c)]
to-peak linewidthAB,,, including broadening due to spin- very convincing fits are obtained. In tieband spectrunta),
lattice and spin-spin interactions as well as to static disordein spite of relatively high noise level in both the experimen-
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FIG. 4. Computer fits to the EPR spectrum of #Mrcontaining
[Fe(PM-BiA),(NCS),] phase | in the HS state of F& (a) At 174
K in the cooling mode in th& band(with the exact diagonalization

M agnetic Field (mT)

code D=420x10"%cm™!, E=17x10"“*cm?,

=1.0 mT). (b) In the same conditions in th@ band(with the per-
turbation theory code and the same simulation parametgjsAt
room temperature in th® band(with the perturbation theory code
D=310x10 *cm !, E=31x10"*cm !, and AB,,=1.1m7).

In all casesg=2.000 andA=—82x10"% cm™ 1.

PHYSICAL REVIEW B6, 054423 (2002
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FIG. 5. Temperature dependence of the ZFS parameters for
Mn?" jons (symbol$ in the two spin states of Bé determined by
computer simulations of the EPR spectra. The unfilled and filled
symbols correspond, respectively, to the thermally induced spin
transition and to the light-induced excited spin state Gf'FeThe
full lines are computer fits to the temperature dependence of the
axial parameteb described by Eq.3). The dashed lines are guides
for the eyes.

tal and computer-generated spedthe exact diagonalization
code has been used hgrihe main features are satisfactorily
reproduced with the same set of simulation parameters as in
the Q-band spectrum at the same temperattye

The g factor and the HF constat have been found iso-
tropic with a good accuracyg=2.000+0.003 and A
=(—82+1)x10 % cm L. These two values are not appre-
ciably modified in the course of the spin transition; in con-
trast, quite significant changes occur in the ZFS parameters
D andE. The temperature dependence of these parameters,
as well as of the rhombic-to-axial parameter ratip
=3E/D, deduced from the computer simulations of the EPR
spectra, are shown in Fig. 5. It follows that in the HS struc-
ture a quasiaxial symmetry is “seen” by the Kihion (7
<1). On the other hand, in the LS structure the®¥rsites
are subject to the maximal degree of rhombic distortign (
~1).

The intrinsic linewidth AB, is another essential EPR
spectra characteristic significantly modified in the course of
the LS—HS transition. Indeed, we have observed the in-
crease ofAB,, from 0.2 mT in the LS state to 1 mT in the
HS state due to the advent of magnetic interactions between
Mn?" and paramagnetic HS £e ions® [cf. the legends of
Figs. 3 and 4 and of Figs.(@ and %b), vide infral.

Assuming that the Mfi" paramagnetic probe substitutes
for the Fé™ ions, the temperature dependence of the axial
ZFS parameteD can be obtained with the Newman super-
position model® amended for contributions of thermal ex-
pansion of the crystal lattice and lattice vibratidfs! We
have fitted theD (T) dependence, as obtained from the com-
puter simulations, by the following expression:

1— ° T 1o It C}
D(T):§t>z(lfo)21 Li(T)} (3 coéﬁi—1)+Dyocothﬁ.
(3

054423-5
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The first term on the right-hand side of E§) is the standard S IR L L L L B RO
superposition-model expression with(rg) an intrinsic pa-
rameter, r,=2.101 A a reference metal-ligand distance,
r;(T) and 9; the spherical coordinates of thth ligand, and

t, a power-law exponent. The second term accounts for the
contribution of the lattice vibratior®:**3!with D ,, propor-
tional to the fundamental phonon frequencyTat O K, and

the Debye temperature. We assume that in a given spin
state the local structure is temperature-independent with re-
spect to the unit cell system, and we allow for a linear ther-
mal expansion of the bond lengths between the metal ion and
the jth ligand in proportion to the temperature expansion of
the unit cell parameter®. The Debye temperature values in
the LS and HS states are chosen@®s=150 K and® g b Light Off
=130K, in accordance with those calculated by Boukhed- T I A R A
daden and Varret for a similar compound 280 300 320 340 360 380
Fe(py),bipym(NCS),.3? With these assumptions, the best fit Magnetic Field (mT)

to the experimentaD(;I’) dependence is obtained far,q I T e e e e e
=—10x10% cm Y, by(rg)=—120x104 cm?, t,=4, o b
D,o=—20X10"% cmL, by(rg)=—220x10"% cm™?, and o

t,=8, respectively for the LS and HS states, as shown with
full lines in Fig. 5.[TheseD ,q andb,(ry) values are some-
what different with respect to the previously quoted Sfes
because of the use of two distinct Debye temperatures for the
two spin stateg.

The reduction of the power law exponeftin the LS
state in comparison with the HS state is consistent with the
decrease of the Fe-N bond lengths in the HS to LS transition.
As far as the true metal-to-ligand distances are concerned,
we note that in the sixfold coordination the ionic radius of

Derivative of Absorption (arb. units)
»
=
%

Derivative of Absorption (arb. units)

the substituting spin probe M, Ry2+=0.97 A, is consid- Lo Light On
erably different from those of the replaced?Feon in both A N
the LS state,Reg;=0.75A and the HS stateRee: 280 300 320 340 360 380
a3 S . S Magnetic Field (mT)
=0.92 A 33 Therefore, the arrangement of the ligands of
Mn?" can be somewhat different from that of the’Faons. FIG. 6. Experimentak-band EPR spectra of MA-containing

In particular, the change of the metal-to-ligand distances gtFe(PM-BiA),(NCS),] phase | at the temperatures shown along
the spin conversion temperature is certainly less pronounceside the curvesa) after cooling down from room temperature with-
for Mn?*, since this ion does not undergo any transition atout light irradiation;(b) after one hour of light irradiation.
this temperature. Thus the ¥ihion is more tightly fitted to
the less roomy LS € sites than to the HS Bé sites. One measured just after the irradiatigfig. 6(b)], show a dra-
can conclude that the spin transition offFénduces consid- matic change, their shape clearly corresponding to the HS
erable modifications not only in its own close environmentstructure. Between two successive low-temperature record-
but also in the whole crystal structure. ings the sample is warmed up to 100 K and the EPR spectra,
recorded after cooling down again, recover the shape ob-
served before the light irradiation. The reversibility of this
spectra transformation provides one more proof of the fact
The above findings show that the[Fe(PM- that the EPR spectra recorded after light irradiation corre-
BiA),(NCS),] phase | compound is a good candidate for aspond to the HS structure.
LIESST study using EPR spectroscopy. The experiment is In order to obtain a quantitative characterization of the
carried out in the temperature range where the completibght-inducedX-band EPR spectra, they have been computer
photoinduced LS-HS conversion has been reached, seesimulated. Figure 7 compares the simulation results of the
Sec. IlIl. The sample is first cooled down to a temperatureexperimental spectra recorded at 20 K without light irradia-
well below the thermally induced spin transition regioiz,, tion [a LS state of F&" (a)] and under light irradiatiofa HS
40, 30, 20, and 10 K. In the absence of light irradiation, thestate of F&" (b)]. Note a considerablécirca five times
X-band EPR spectra recorded at these temperatures are chimerease of the intrinsic linewidth with respect to the spec-
acteristic of the LS compound structuref. Figs. 8a) and  trum corresponding to the LS state of?Fe The relatively
2(a)]. Next the sample is light irradiated at each above-weak signal-to-noise ratio in the experimental MnEPR
mentioned temperature durirgirca 1 h. The EPR spectra spectrum in the HS structure is due to the small amount of

V. LIESST EFFECT OBSERVED BY EPR
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experimental spectra are satisfactorily reproduced.

Finally, the ZFS parameters for Mif ions in the HS
structure, obtained in the EPR-monitored LIESST study un-
der light irradiation, have been adjoined to Figfiled sym-
bols). Note that these data fit perfectly well the
superposition-model predictdd(T) dependence.

Experiment

VI. CONCLUSION

This study reports the EPR observation of the LIESST
effect. The photomagnetic properties of thé&e(PM-
BiA),(NCS),] phase I(naturally doped with Mfi*) were
investigated in order to determine the experimental condi-
tions for a complete LS:HS photoconversion of the Fé
ions. The LITH curve was recorded and the photoinduced
HS fraction was followed in the 10—70 K temperature range.
A complete photoconversion was obtained below 40 K with
light irradiation at 830 nm. The EPR spectra recorded be-
tween 10 and 40 K without and with light irradiation unam-
biguously show a complete SHS photoconversion, in
agreement with the photomagnetic study. The EPR spectra of
the Mr?™ ions in the metastable low-temperature photoin-
duced HS structure were analyzed by computer simulations.
The values of the ZFS paramet®rin this structure match
the D(T) dependence predicted by the superposition model
for the corresponding high-temperature HS structure.
The EPR study of the thermal spin transition shows the
possibility of separately supervising the magnésigin-state
conversion and the related structural change by simulta-
neously monitoring the intrinsic linewidth and the spin
Hamiltonian parameters. It would be interesting to carry out
Light On such a study on a spin-changing compound with a slow rate

P R I [N SIS (PO N B i of the LS—HS structural transformation. In this case, a light
280 300 320 340 360 380 irradiation at temperatures below the spin transition range

Magnetic Field (nT) would produce the HS state of a spin-changing ion in a LS

FIG. 7. Computer fits to theX-band EPR spectrum of crystalline structure. Thus, by recording time-resolved EPR
Mn?*-containing [ Fe(PM-BiA),(NCS),] phase | at 20 K:(@  spectra during light irradiation in the LIESST effect condi-
Without light irradiation(the LS state of F&"), the simulation pa- tions, one could separately supervise the kinetics of the in-
rameters(obtained with the perturbation theory codge D=190 terrelated magnetic and structural transitions involved in this
X10"*cm !, E=63x10"* cm !, andAB,,=0.25mT. (b) Un-  phenomenon.
der light irradiation(the HS state of Fe'), the simulation param-
eters (obtained with the exact diagonalization cpdee D =540
X10"*cm™!, E=5x10"*cm™!, and AB,,=1.25mT. In both
casesg=2.000 andA=—82x10"% cm™ 1.

Simulation WW

Light Off

| | | | Il 1 1 1 | 1 1 1 1 |

300 350 400
Magnetic Field (mT)

Derivative of Absorption (arb. units)

T { T ‘ T I T | T | T i T ‘ T | T | T | T ‘ T
b
Experiment T=20K

Simulation

Derivative of Absorption (arb. units)
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