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It is well established that for some iron(II) compounds in
octahedral environments a spin crossover occurs between a low-
spin (LS,S) 0) and a high-spin (HS,S) 2) state. The process
can be induced by a change in temperature or pressure or by a
light irradiation.1 The spin-state conversion may occur gradually
or with some abruptness. When the intersite interactions are
sufficiently strong, a thermal hysteresis may be observed. The
system is then bistable; it possesses a memory effect. The factors
governing the occurrence of a thermal hysteresis are not fully
understood yet. To obtain new insights on this problem, two
complementary strategies are being developed. The former one
is based on carefully controlled modifications in the molecular
structures (polymeric2 and/or supramolecular3). The latter strategy
is related to the control of the supramolecular architecture inside
the material. Along this line, the Langmuir-Blodgett (LB)
technique is very attractive because of its ability to pack and orient
molecules in a controlled fashion along a surface. Recently, the
problem of the chemical instability of iron(II) compounds at the
gas-water interface has been solved by changing either the
subphase or the chemical structure of the hydrophobic part.4 Well-
defined LB films of spin-crossover iron(II) compounds have then
been obtained.5

In this Communication, we report on the first evidence of the
light induced excited spin state trapping6 (LIESST) effect in a
LB film incorporating iron(II) spin-crossover sites. This observa-

tion allowed us to study the influence of the surroundings on the
lifetime of the metastable HS state generated by light irradiation.
Let us recall that the LIESST process is limited to the low-
temperature range, typically below 50 K.

The compoundcis-bis(thiocyanato)bis(4-(13,13,14,14,15,15,-
16,16,17,17,18,18,18-tridecafluorooctadecyl)-4′-methyl-2,2′-bipyr-
idine) iron(II), denoted Fe(Bi-DFOD)2(NCS)2 (structure in Figure
1), was prepared as recently described.5b The LB film was
obtained by spreading a chloroform solution of Fe(Bi-DFOD)2-
(NCS)2 (concentration 1 mM) on a 10-2 M KNCS aqueous
solution. The compression isotherm yields a molecular area of
ca. 63 Å2 at the collapse pressure, indicating that the packing
contact is assured not by the alkyl chains but by the metal cores,
which is the ideal situation for achieving strong intersite interac-
tions along the surface. The LB film was deposited with a transfer
ratio close to 0.95 onto a Mylar substrate with a transfer speed
of 1 cm min-1 and at a pressure of 35 mN m-1. X-ray diffraction
experiments showed a periodicity of 40.6 Å for the layer structure.
Magnetic measurements versus temperature revealed a nearly
complete spin conversion when the LB film was preheated above
370 K, while only 10% of spin conversion occurs if the upper
temperature reached was 340 K, i.e., below the melting of the
semifluorinated chains.5c All of the experiments were performed
on LB films which were not preheated.

The temperature dependence of the UV-visible absorption
spectra for a LB film consisting of 300 layers of Fe(Bi-DFOD)2-
(NCS)2 is presented in Figure 1. The HSf LS transition results
in a strong enhancement of the MLCT band around 538 nm. The
color of the compound remains unchanged, in contrast with what
happens for tetrazole and triazole iron(II) derivatives.2,7,8 An
irradiation at 10 K with a red light (λ ) 630-670 nm, power)
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Figure 1. Temperature dependence of the UV-visible electronic
absorption spectra for Fe(Bi-DFOD)2(NCS)2 in a LB film of 300 deposited
layers. Inset: Molecular structure of Fe(Bi-DFOD)2(NCS)2.
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1 mW, and time) 1 h) induces a decrease of the MLCT band
on UV-visible absorption spectra. This likely reveals a roughly
20% conversion from the LS to the HS state through the LIESST
process. To confirm this result, magnetic measurements were also
carried out under light irradiation with a Kr+ laser (λ ) 647.1-
679.4 nm, power) 50 mW, and time) 1 h) coupled through an
optical fiber to the cavity of a MPMS-55 Quantum Design SQUID
magnetometer. At 10 K, the magnetic response under irradiation
was found to increase rapidly, as represented in Figure 2a. Let
us notice here that the irradiation may locally heat the sample,
whose temperature would then be higher than that indicated by
the thermometer; this effect would tend to decrease the magnetic
signal, in contrast to what is observed. Therefore, this behavior
clearly demonstrates a partial conversion of the LS state into the
HS state. A comparison of the relative HS populations between
the LB film and a powder sample reveals that the LIESST process
is more efficient for the LB film. Such an effect should be directly
related to the small thickness and the high optical quality of the
multilayer LB film compared to the diffusive powder.

The dynamics of the LIESST effect was studied with the
SQUID setup for both the LB film and the powder sample, and
with the UV-visible spectroscopy for the LB film. The decays
of the HS molar fraction,γHS, versus time at 10 and 20 K are
represented in Figure 2b. These data indicate a very good
correlation between the kinetics obtained in UV-visible spec-
troscopy and SQUID technique for the LB film. The relaxation

curves for both the LB film and the powder sample deviate from
single exponentials. The time dependence ofγHS is first rather
fast; then it slows down. Similar behaviors were found for [Fe-
(mephen)3]2+ (2-mephen) 2-methyl-1,10-phenanthroline) em-
bedded in polymer films9a and for a powder sample of [Fe(otz)6]-
(BF4)2 (otz ) 1-n-octyltetrazole).9b This was attributed to local
inhomogeneities in the polymer films and analyzed as a distribu-
tion of relaxation rates.9 The relaxation curves for the LB film
can be fitted satisfactorily with a Gaussian distribution10 for the
activation energy (Ea) with a standard deviation of 10 cm-1 and
mean rate values,kHL, of 3.0× 10-4 s-1 and 1.4× 10-3 s-1 at 10
and 20 K, respectively. For the powder sample, a standard
deviation of 27(8) cm-1 and mean rate values of 1.2× 10-4 s-1

and 2.1× 10-4 s-1 were obtained at 10 and 20 K, respectively.
These data demonstrate that the kinetics of the HSf LS
relaxation is faster for the LB films than for the powder sample
(Figure 2b). A possible explanation is that the internal pressure
in the LB architecture is higher than in the powder sample, due
to the packing contact of the metal centers.10 A smaller activation
energy occurs in LB films. In fact, Hauser demonstrated by studies
of highly diluted single crystals, such as [Fe0.1Zn0.9(ptz)6](BF4)2

with ptz ) 1-n-propyltetrazole, and pure [Fe(ptz)6](BF4)2 com-
pound that both an internal and an external pressure affects the
lifetime of the metastable HS state. For instance, at low temper-
ature an external pressure of 1 kbar accelerates the HSf LS
relaxation in [Fe0.1Zn0.9(ptz)6](BF4)2 by 1 order of magnitude. This
is due to the large difference in volume between the HS and LS
states.8c It can also be noticed that the standard deviation of the
LB film (10 cm-1) is smaller than for the powder sample (27(8)
cm-1). This is in perfect agreement with the better defined
architecture of the LB film with regard to the powder compound.

Fe(Bi-DFOD)(NCS)2, to the best of our knowledge, is the first
mononuclear spin-crossover species assembled in a LB film and
presenting the LIESST effect. The lower standard deviation and
the faster LIESST population observed in the LB film as compared
to the powder was correlated to the better organization of the
film. The faster dynamics of relaxation in the LB film was
attributed to a pressure effect. Further investigations will be
performed to confirm such a hypothesis, in particular by modulat-
ing the packing and the molecular density within the multilayer.
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Figure 2. (a) Relative HS molar fraction deduced from magnetic
measurements under light irradiation as a function of time at 10 K. (b)
Decay of the metastable HS state. Data obtained for a powder sample at
(9) 10 K and (2) 20 K from magnetic measurements. Data obtained for
a LB film at (O) 10 K and (]) 20 K from magnetic measurements, and
(b) from UV-visible spectroscopy.

Communications Inorganic Chemistry, Vol. 38, No. 13, 19993021




