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Chapter 6 
Pyridyl Diarylethene Switch for Optical 
Information Storage Systems 

 

 

 

 

 

 In this chapter, the synthesis of new pyridyl-containing diarylethene switches will 
be described as well as the magnetic properties of the corresponding iron(II) complexes. A 
diarylethene switch, substituted with a pyridine moiety and coordinated to an inorganic 
iron (II) core, can create a photochromically tunable electronic structure. In this system, 
high spin (HS) or low spin (LS) states of the iron (II) centre can be controlled due to 
versatile optical and electronical properties of the open and close forms of the diarylethene 
switch.* 

 

 

 

 

 

 

 

 

 

 

*This chapter has been published in part in: Sénéchal-David K., Zaman N., Walko M., Halža E., Rivière 
E., Guillot R., Biollot M.-L., Feringa B. L. J. Chem. Soc. Dalton Trans. 2008, 1932 – 1936. 
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6.1   Introduction 

A major contemporary challenge in materials science is the design of 
functional systems for high-density information storage.1 One possible approach is 
based on optical switching2 of bistable3 materials by using photochromic molecular 
switches. Photochromic molecular switches are a class of compounds capable of 
undergoing a reversible photo-induced transformation between two stable states, 
whose absorption spectra are distinctly different (Scheme 1).4 Each of the isomers 
unveils different physical properties such as hydrophobicity, redox chemistry, etc. 
Photochromic systems have major advantage in their ease of addressability, 
reversibility and short response times. This offers the possibility of changing local and 
bulk properties of molecular-based systems in response to light irradiation.5 But still, 
photochromic molecules offer many challenges and opportunities for their application.  

 
 

 Changes in molecular structure which accompany photochromism and 
subsequent changes in molecular conductivity6 can be translated into functional 
photochromic systems like spin-crossover materials.6 Before such systems can become 
reality, development of the protocols how to assemble photoswitchable systems onto 
surfaces and incorporate them into solid-state devices have to be made.  Combination 
of organic photochromism with inorganic paramagnetism based on iron leads toward 
the creation of optically tunable iron(II) electronic structures.7  
 
 
 
 
 
 

A B



Scheme 1 Optical molecular switch that can exist in two different forms and each of them can be 
selectively addressed by light of a different wavelength.
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6.1.1. Diarylethenes 
 

 Diarylethene (stilbene or trans-1,2-diphenylethene, Scheme 2, trans-6.1) 
undergoes two photochemical processes.8 Cis – trans isomerization9 and 
photocyclization10, although irreversible transformation of the dihydrophenanthrene 
6.2 into phenanthrene 6.3, can occur in the presence of air or other oxidative agents. 
If an oxidant is absent, compound 6.2 undergoes a photochemical or thermal ring 
opening and returns to the original stilbene (Scheme 2). 

 
Introduction of methyl substituents at the 2- and 6- positions of the phenyl 

rings prevents unwanted oxidation and the system is stable even under oxidizing 
conditions.11 In order to prevent the thermal back reaction, different aryl groups have 
been investigated. Five-membered heterocycles showed good thermal stability and 
especially dithienylethenes proved their potential as excellent bi-stable chromophores 
(Scheme 3).12,13  

 
 Open and closed forms or diarylethenes are not only different in structure, 

but actually the structural differences give these molecules interesting properties. The 
open form 6.4o is usually colorless due to free rotation of the thiophene moieties and 
by cross-conjugation of the electron systems of the thiophene rings. On the other 
hand, The closed form 6.4c is a colored, nearly planar structure with the conjugation 
extended through the whole molecule which shifts the absorbance to longer 

trans-6.1

UV

VIS or  H

H

UV

VIS or 

cis-6.1

H

H
6.2

O2

6.3

Scheme 2 The cis-trans isomerization, photocyclization and subsequent oxidation of stilbene. 
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H6/F6
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>420 nm

S SR R*
*

H6/F6

6.4o 6.4c

Scheme 3 The basic switching unit of most common dithienylethenes (bold lines represent 
conjugation of the electron systems in the molecule). Molecule 6.4o is usually colorless due to the
cross-conjugation of the electron systems. On the other hand, conjugation through the whole
molecule 6.4c results in a colored form. 
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wavelength. Different absorbance (different color) can be achieved by variation of the 
thiophene substituents.14  

To build successful devices based on diarylethene switches a few criteria have 
to be taken into account. Thermal stability, fatigue resistance, high quantum yield and 
fast response are most important.15 Thermal stabilities are highly dependent on the 
nature of the thiophene substituent, but most of the diarylethenes showed excellent 
thermal stability in both the open and closed forms. Fatigue resistance is a complex 
phenomenon and highly depends on the photochemical side reactions.16 The 
cyclization reaction quantum yield for most diarylethenes is in the range of 0.1 – 0.5, 
while for the back reaction (ring opening) it is in range from 0.1 to 10-5. It is highly 
dependent on the substituents and for that, substituents which are involved in the 
extension of the conjugation system decrease the quantum yield of cyclization 
reaction.17  

 
Due to the existence of two conformational isomers of the open form of the 

diarylethene switch in 1:1 ratio, (parallel and anti-parallel conformation18, Scheme 4) 
only half of the amount of the switch can participate into photochemical ring closing 
processes according to the Woodward-Hoffmann rules of the photochemical ring-
closing reaction. Only a conrotary process19 of the anti-parallel conformation can 
produce the closed form. Because most of the diarylethenes switches don’t have 
preferential conformations, both conformers are in a 1:1 ratio and only the anti-
parallel conformer undergoes the ring-closing process giving the quantum yield of 0.5. 
A fast equilibrium between the two conformational isomers of diarylethenes allows fast 
and almost quantitative interconversion into the closed form due to the shift of the 

S SR

R

anti-parallel
conformation

S S

R
R

UVVIS UV VIS

S SR R

parallel
conformation

Scheme 4 Two possible conformations of the diarylethene switch and their photoreactivity. 
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equilibrium upon photochemical ring-closure, despite the fact that the open form 
consists of a 1:1 ratio of parallel and antiparallel conformers. 
 By taking all criteria (thermal stability, fatigue resistance) into account, one 
problem still remains. The detection of the state of the switch without disturbing it 
appears to be difficult. The use of optical techniques for detection requires additional 
irradiation, which can influence or change the original state of the switch. Coupling 
the switching process with an additional change in function of the switching system 
can create an effective detection method and avoid reverse switching processes. On the 
other hand, the switch can reversibly control a range of properties (functions).20 This 
allows us to add additional functions onto the switching element and control a 
diversity of properties in the switching systems, for instance, by gated switches and 
switching-dependent supramolecular interactions.21, 27a 
 

6.2. Optical tuning of the electronic structure of iron(II) complexes. 
 
Iron(II) spin-crossover22 complexes, whose externally induced high-spin (HS, 

Fig. 1) ↔ low-spin (LS, Fig. 1) interconversion leads to dramatic changes in physical 
characteristics (magnetic, vibrational, structural), stand out as excellent candidates in 
the development of photomagnetic information storage systems since optical 
switching of spin-crossover materials can be achieved by means of the light-induced 
excited spin state trapping effect (LIESST).23 This photomagnetic effect proceeds 
through a direct metal-centred excitation and requires cryogenic temperatures for an 
efficient trapping in the metastable HS state.  

 
A promising approach which derives from the LIESST effect is to address the 

metal centre and to trap its spin state indirectly through cooperative photoswitching of 
the material’s macroscopic state, albeit this requires very high light intensities delivered 
by nanosecond pulsed lasers.24 

Fig. 1Crystal field diagram of iron(II) ion. If the ligand-field splitting parameter is large, all d-
electrons are paired and a low-spin complex is formed (left). If the splitting parameter is small, all
d-electrons are unpaired and a high-spin complex is formed (right). 
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 An alternative approach is to achieve a molecular bistable spin system through 
the combination of a spin-crossover complex and organic photoresponsive ligands. 
The thermal barrier between the two stable states of the photoactive species controls 
the bistability and ensures a very long lifetime (at room temperature) of the spin state 
of the metal ion. The use of two distinct and reversible processes permits separation of 
the writing/erasing (i.e. through ligand photoreactivity) and read-out (changes in the 
physical properties of the coordination complex core), a condition required for non-
destructive write/read/erase memory.  

The concept of the so-called ligand-driven light-induced spin-change effect 
(LD-LISC, Fig. 2) was demonstrated in the photoisomerization of stilbenoid-type 
ligands coordinated to spin-crossovermetal ions.25 The ligand centred 
photoisomerization changes the electronic structure of the whole complex. This effect 
may induce a new Gibbs-energy ordering of the metal ion spin states at an appropriate 
temperature and hence a HS↔LS conversion of the metal ion. The photoswitching of 
systems incorporating a stilbene groups requires highly diluted, non-rigid materials 
and irradiation with monochromatic light for optimal but limited reversibility. 25 For 
such materials, magnetic circular dichroism allowed for sensitive measurement of 
magnetic behavior.  

 
To be able to modulate the electronic environment of the high spin Fe(II) 

metal ion,  iron(II) ion complexed with photochromic pyridyl-containing diarylethene 
switch ligands in the model complex, Fe(py-R)4(NCS)2 was prepared. It was 
demonstrated that diarylethene switch containing a pyridyl moiety preserve its 
photochromism4a,26 in the solid state both in the free base and as the metal-ion bound 
complex.27, 28, 29, 30 By combining a photochromic ligand with iron(II) spin-crossover 
complexes, photochromic switching of the electronic environment of the metal ion 
becomes possible. 

Fig. 2 Ligand-driven light-induced spin-change effect (LD-LISC) for metal ion (M) and any 
kind of switch (molecule) which is able to change the spin state of the metal from high spin (HS) to 
low spin (LS) and vice versa after irradiation with different light wavelengths (scheme, left) The
diagram of temperature (T) and  dependence for metal complex with switch ligand. 
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 The ligands are based on diarylethene27 functions, which have interesting 
features required for the present design: very different wavelengths of light required for 
the forward (6.5o → 6.5c, UV) and reverse (6.5c → 6.5o, visible) switching 
processes, good photochemical quantum yields, fatigue resistance, thermally 
irreversible photochromism and, potentially, photochromism in the crystalline state.  

 
 These characteristics are of the utmost importance for practical applications 

as, for example, optical memory and photonic devices27, 28 and has been applied 
previously to the switching of different metal-ion properties, such as luminescence, 
intervalence transitions in mixed-valence compounds, photomodulation of Lewis 
basicity, the geometrical structure of CuII complexes and magnetic-exchange 
interactions.28, 29, 30 
 
6.2.1. Synthesis of diarylethene switch 

 
The dithienylethene containing hexafluorocyclopentene 6.8 was prepared 

according to previously reported chemical procedure (Scheme 6).31 2-Chloro-5-
methylthiophene 6.6 was prepared by chlorination of methythiophene with N-
chlorosuccinimide. Bromination with bromine in dry CHCl3 gave 3-bromo-5-chloro-
2-methylthiophene 6.7 in very good yield (93%). A halogen-metal exchange reaction 
of product 6.7 with n-BuLi and subsequent reaction with octafluorocyclopentene 
produced the dichloro-substituted hexafluorocyclopentene switch 6.8 in good yield. 
Product 6.8 was treated with n-BuLi in the halogen-metal exchange reaction and 
subsequently quenched with tributylborate to provide the corresponding boronic ester. 
This ester was not isolated but immediately used in the Pd0 catalyzed Suzuki coupling 
reaction with phenylbromide under basic conditions to afford monosubstituted switch 
molecule 6.9 albeit in rather low yield. A second halogen-metal exchange reaction was 
performed with t-BuLi followed by reaction with tributylborate to afford the boronic 
ester which was immediately used in the Suzuki cross coupling reaction with 
bromopyridine giving the final pyridyl-phenyl switch 6.5. 

S S

F6

N

365 nm

650 nm
S S

F6

N
6.5o 6.5c

Scheme 5 The light-driven interconversion between the open (6.5o) and closed (6.5c) forms of the 
diarylethene pyridyl ligand. 
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6.2.2. Synthesis of the iron(II) switch complex 

 
The complexation reaction was carried out in two steps. The precursor, 

prepared from Fe(SO4)2.7H2O and KSCN, was reacted with the diarylethene pyridyl 
ligand (6.5o). Slow evaporation of this mixture in the absence of O2 afforded orange 
crystals of Fe(6.5o)4(NCS)2·2 CH3OH·2CH2Cl2 hereafter denoted 6.10o (Fig. 3). 

SCl

Br2

CHCl3, 93% SCl

Br
n-BuLi,

F8

THF, -78oC
55% S SCl Cl

F6

6.6 6.7 6.8

1.) n-BuLi
B(OBu)3

Et2O

2.) PhBr
Pd(PPh3)4

Na2CO3 (2M)
Et2O, ref lux,

22%

S SCl

F6

6.9

1.) t-BuLi
B(OBu)3

Et2O

2.) PyBr
Pd(PPh3)4

Na2CO3 (2M)
Et2O, reflux,

48%

S S

F6

N

6.5o

Scheme 6 Synthetic route to perfluoro dithienylethenes 6.8 and subsequent Suzuki coupling with
phenylbromide and bromopyridine to provide the double modified switch 6.5. 

Fig. 3 Left: Molecular structure of Fe(6.5o)4(NCS)2 in 6.10o. Displacement ellipsoids are drawn
at the 50% probability level. Right: expansion of the two fragments containing the diarylethene
ligand with the antiparallel (6.10 (A)) and the parallel (6.10 (B)) conformations. The X-Ray
diffraction analysis of diarylethene 6.10o in the form of orange needle-shaped crystals was carried
out at 100K.7  
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Complexation was evidenced by a change in the IR frequencies assigned to the 
pyridine ring and the NCS anion. The absorption band observed for this latter 
vibration (CN

NCS = 2052 cm-1) is consistent with the formation of a centrosymmetric 
species with its metal ion in the high state.32 

 
6.2.3. Optical properties 

 
 The electronic properties of 6.10o (crystalline) and 6.5o, the base free ligand 

(powder) dispersed in KBr pellets, were compared by UV-Vis spectroscopy at room 
temperature.  

 The intense and broad absorption band that characterizes the –* transitions 
of 6.5o (Fig. 4, dashed gray line) is clearly identifiable in the spectrum of 6.10o (Fig. 
4, dashed black line). A new absorption band (detected at 464 nm, Fig. 4, black 
dashed line) is assigned on the basis of its moderate intensity and energy to the metal-
to-ligand charge transfer (MLCT) transition typical of Fe(II)-pyridine 
chromophores.33 One attractive property of the organic moiety 6.5o is its crystalline 
photochromism. The photoreactivity of the iron(II) complex was examined in the 
solid phase. Irradiation of a solid sample at 365 and 650 nm, i.e. the wavelengths 
corresponding to the cyclization and the cycloreversion of the base-free ligand 
(Scheme 5), gives rise to reversible changes of the crystal’s coloration (6.10o is orange 
while the product of irradiation at 365 nm (6.10c) is indigo and the orange coloration 
is recovered upon irradiation at 650 nm). Structural data, collected from a thin needle 

Fig. 4 UV-VIS spectra of the diarylethene pyridyl ligand (6.5o  and 6.5c —, gray) and of the
iron(II) complex (6.10o --- and 6.10c –.–, black) measured in KBr pellets. 



 

 

152 

 

 

 

 

 

   

Chapter 6 

 

of 6.10o after exposure to 365 nm irradiation show a loss of the symmetry centre 
within the disordered lattice.7 

 In Fig. 4, the photochromic transformation of 6.10o (dispersed into KBr) 
was followed by UV-Vis absorption spectrometry after the different periods of 
illumination. As expected, similarities were observed upon comparison with the 
spectral characteristics of the corresponding base-free 6.5o. The spectrum of 6.10c 
(Fig. 4, dashed-dot black line) is dominated by the very intense absorptions of 6.5c 
(Fig. 4, full gray line), the photocyclized form of the ligand. While the red-shift of the 
absorption bands [318 (304) and 618 (615) nm for 6.10c (6.5c)] indicate a 
significant electronic effect related to the coordination of the pyridine ring, an MLCT 
band could not be identified in this spectrum. This is not unexpected as the molar 
absorptivity of an MLCT transition of an iron(II) complex (ca. 1 to 4 × 103 M−1 cm−1 
for HS species),33 is much less than that for even one of the ligands alone, i.e. for 7.5c 
in CH3CN the molar absorptivity is 1.5 × 104 M−1 cm−1. Indeed, in contrast to that of 
6.5c, the spectrum of 6.10c presents such absorption between 430 and 480 nm, i.e. a 
range where the MLCT transitions of the metal ion are expected to occur. In addition, 
irradiation of 6.10c at 650 nm reverts the spectrum to that of the starting material 
6.10o7 and consequently, the ligand bound to the metal ion has retained its reversible 
ring-closing and ring opening photoreactivity. In summary, the photochromic 
switching of the diarylethene ligands takes place in the solid state. The Fe(II) 
coordination induces some perturbation of the photochromic behavior that suggests a 
better electronic delocalization for the different forms of the ligand. 

 
6.2.4. Magnetic properties 
  

 The variable-temperature magnetic measurements performed on the 
polycrystalline sample show that the S = 2 ground state of the Fe(II) ion in 6.10o is 
retained beyond the temperature range examined (5–300 K, Fig. 5, left). The MT vs. 
T curve of 6.10o (M = molar magnetic susceptibility, T = temperature) is almost 
constant over the whole temperature range with values of ca. 3.63 (3.74) cm3 K mol−1 
at 290 (50) K decreasing to 3.32 cm3 K mol−1 at 10 K (Fig. 5, left). 

 Finally, the ligand-field strength of the metal ion in 6.10o is of the same 
order of magnitude as that of Fe(py)4(NCS)2.34 Having established that the 
photochemistry of the ligand 7.5o is retained upon coordination to the metal centre, 
the question remains as to whether the photochromic reaction perturbs the metal 
centre sufficiently to modulate its spin and hence its magnetic properties.  
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 The high relative intensity of the ligand absorption of 6.10c in comparison 
with the MLCT absorption of the metal centre precludes examination of this 
transition by UV-Vis spectroscopy. Nevertheless a direct, albeit qualitative probe of 
changes in magnetic properties upon photo-irradiation can be provided by SQUID 
(superconducting quantum interference device) measurements. In this experiment, the 
change of magnetization (H = 5000 Oe) is monitored during the in situ irradiation 
(exc = 355 nm, delivered by a Nd:YAG laser) at 300 K. The measurements were 
carried out on a small amount of crystalline solid adhered onto a self-adhesive tape. 
The change in magnetization as a function of the duration of irradiation is shown in 

Fig. 5 (right). 
  

 The room-temperature magnetization of the starting material 6.10o is low 
(Fig. 5, right) as a consequence of the large diamagnetic background of the support. 
When the light is switched on, the magnetization increases steadily before reaching a 
stationary state (Fig. 5, right). The product of irradiation with 365 nm UV light is 
characterized by the indigo coloration of 6.10c and is perfectly stable in the dark. The 
reverse process is still under investigation as the set-up for a 650 nm excitation should 
be improved in order to overcome inherent difficulties, i.e. strong absorption of the 
photoproduct (inner-filter effect), low performances of the excitation set-up 
(continuous source), rather low sensitivity of the magnetic measurements etc.  

 
 
 

 

Fig. 5 Left: Temperature dependence of MT for 6.10o in the form of a polycrystalline form. Right:
Magnetization vs. the time of irradiation (exc. = 355 nm, T = 300K, H = 5000 Oe) for crystalline 
sample.  
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6.3. Discussion 

 
  The diarylethene switch containing a pyridyl moiety was prepared and 

successfully incorporated into the Fe(II) complex where the switching properties of the 
switch were preserved (Fig. 4). It was observed that, upon photoisomerization of the 
dithienylethene units, a photomagnetic effect (M>0) is detected at room temperature 
(Fig. 5, right). The magnetic susceptibility of a pure HS iron(II) ion is larger than the 
spin-only value of 3.00 cm3 mol−1 K35 (S = 2, Fig. 5, left) as a consequence of the d-
orbital contribution and typical values are expected between ca. 3.3 and 3.8 cm3 mol−1 
K due to the effects of the low-symmetry crystal-field distortion, the spin–orbit 
coupling and the t2g electronic delocalization. The change in the magnetic 
susceptibility can be expected for the present high-spin Fe(II) compound because the 
ligand field anisotropy that can result from the switching of one of the two 
photoactive groups. Detailed magnetic investigations by Mössbauer and magneto-
optical measurements to elucidate the present observations further have still to be 
done. 
 

6.4. Experimental part 
 

6.4.1. General information 
 

 Unless stated otherwise, starting materials were commercially available and 
were used without further purification. Diethyl ether and THF were distilled from 
Na. For the detailed information about techniques used for characterization of the 
compounds, see chapter 2. 
 
6.4.2. Synthesis of the diarylethene switch. 

1,2-Bis(5-chloro-2-methylthien-3-yl)cyclopentene (6.8) Compound 6.8 was 
prepared according to a literature procedure36 in 44% yield. 
Spectral data were in full accordance with those reported in the 
literature. 
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5-Chloro-3-(3,3,4,4,5,5-hexafluoro-2-(2-methyl-5-phenylthiophen-3-
yl)cyclopent-1-enyl)-2-methylthiophene (6.9). Compound 6.8 (2 g, 4.57 mmol) 

was dissolved in anhydrous diethyl ether (25 ml) under 
nitrogen and n-BuLi (1,6 M in n-hexane, 3 ml, 4.75 mmol) 
was added dropwise. The reaction mixture was stirred for 30 
min. at room temperature and B(n-OBu)3 (1.55 ml, 5.71 
mmol) was added at once. The resulting solution was stirred 

for 1h at room temperature and then used for the subsequent Suzuki cross coupling.  

Bromobenzene (0.72 ml, 6.85 mmol) was dissolved in diethyl ether (25 ml) and after 
addition of Pd(PPh3)4 (0.5 g, 0.457 mmol) the solution was stirred for 15 min at 
room temperature. An aqueous solution of Na2CO3 (2M, 30 ml) and 3 drops of 
ethylene glycol were added and the resulting two-phase system was heated at reflux. 
The solution of previously prepared boronic ester of compound 6.8 (see above) was 
added and the reaction mixture was stirred for 6h. Water (20 ml) and Et2O (20 ml) 
were added and the organic layer was separated. The aqueous layer was extracted with 
Et2O (2 x 20 ml). The combined organic layers were dried over Na2SO4 and the 
solvent was evaporated under vacuum. The product 6.9 (482 mg, 22%) was purified 
by column chromatography (pentane) yielding a colourless oil. 
1H NMR (400 MHz):  7.52 (d, 2H, J = 9.6 Hz), 7.40 (t, 2H, J = 9.6 Hz), 7.28 (m, 
2H), 7.24 (s, 1H), 6.96 (s, 1H), 2.0 (s, 3H), 1.90 (s, 3H) 
13C NMR (100 MHz): 140.95, 137.43, 136.39, 135.54, 134.81, 129.63, 128.80, 
127.91, 126.38, 126.10, 124.86, 39.56, 24.03, 15.49, 15.27 

HRMS cald. for C21H13F6S2Cl 478.0051, found 478.0050. 

4-{4-[3,3,4,4,5,5-Hexafluoro-2-(2-methyl-5-phenyl-thiophen-3-yl)-cyclopent-1-
enyl]-5-methyl-thiophen-2-yl}-pyridine (6.5o). Compound 6.9 (580 mg, 1.21 

mmol) was dissolved in anhydrous Et2O (25 ml) under 
nitrogen and t-BuLi (1,5 M in n-pentane, 0.88 ml, 1.33 
mmol) was added dropwise. The reaction mixture was 
stirred for 30 min at room temperature and B (n-OBu)3 
(0.4 ml, 1.51 mmol) was added at once. The resulting 

solution was stirred for 1h at room temperature and then used for the Suzuki cross 
coupling.  

4-Bromopyridine (353 mg, 1.82 mmol) was dissolved in Et2O (25ml) and after 
addition of Pd(PPh3)4 (139 mg, 0.121 mmol) the solution was stirred for 15 min at 
room temperature. An aqueous solution of Na2CO3 (2M, 30 ml) and 3 drops of 

S SCl
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ethylene glycol were added and the resulting two-phase system was heated at reflux. 
The solution of a previously prepared boronic ester of compound 6.9 (see above) was 
added and the reaction mixture was stirred for 6h. Water (20 ml) of and of Et2O (20 
ml) were added and the organic layer was separated. The equeous layer was extracted 
with Et2O (2 x 20 ml) and the combined organic layers were dried over Na2SO4 and 
the solvent evaporated under vacuum. Product 6.5o (300 mg, 47.5%) was obtained as 
a brown solid after purification by column chromatography on silica (hexane/EtOAc, 
9:1). 
1H NMR (400 MHz):  7.55-7.28 (m, 11H), 2.00 (s, 3H), 1.96 (s, 3H). 
13C NMR (100 MHz): 150.30, 144.17, 142.79, 142.47, 141.48, 139.09, 136.40, 
133.54, 133.39, 129.26, 129.22, 128.26, 128.13, 126.70, 125.82, 125.30, 122.60, 
122.44, 14.99, 14.78. 

HRMS cald. for C26H17F6NS2 521.0706, found 521.0725. 

 

6.4.3. Synthesis of Fe(6.5o)4(NCS)2 complex (6.10o) 
 
 In a Schlenk flask, FeSO4・7 H2O (21 mg, 75.5 mol) and KNCS (15 mg, 

0.15 mmol) were dissolved in anhydrous methanol (3 ml) at room temperature. The 
mixture was stirred for 15 min, decanted and filtered. The methanolic solution 
containing Fe(NCS)2(CH3OH)4 was added dropwise to a solution of 6.10o (151 mg, 
0.29  mmol) in dichloromethane (1.5 ml) at 0 oC. After stirring (1 h at 0 oC and 1 h 
at room temperature), the orange solution was evaporated slowly to yield orange, 
needle shaped crystals. 
Elemental analysis:  calcd. for FeN6S10C106H68F24・2 CH2Cl2・2CH3OH, found: C: 
53.01 (52.82), H: 3.24, (2.83), N: 3.37 (3.07).  
IR: of 6.10o ((KBr)/cm−1): 478 (NCS); 821 (C=S

NCS); 1555 (thiophene); 1607 (C=N
py); 

2052 (NC
NCS). 

UV-Vis (KBr pellet): max =309 and 464 nm. 
 
6.4.4. X-Ray diffraction 

 
 X-Ray diffraction data for 6.10o were collected by using a Kappa X8 APPEX 

II Bruker diffractometer with graphite-monochromated Mo K radiation ( = 
0.71073 Å). The temperature of the crystal was maintained at the selected value 
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(100K) by means of a 700 series Cryostream cooling device to within an accuracy 
of 1 K. The data were corrected for Lorentz, polarization and absorption effects. 
The structures were solved by direct methods using SHELXS-97 and refined against 
F2 by full-matrix leasts-quares techniques using SHELXL-97 with anisotropic 
displacement parameters for all non-hydrogen atoms. Hydrogen atoms were located 
on a difference-Fourier map and introduced into the calculations as a riding model 
with isotropic thermal parameters. All calculations were performed by using the 
CrystalStructure crystallographic software package WINGX.37 
 
6.4.4.1. X-Ray crystallographic data 

formula C106 H68 F24 Fe N6 S10. 2(CH3OH). 2(CH2Cl2) 

Fw 2492.15 

crystal system tetragonal 

space group P 42/n 

a [Å] 34.6061(8) 

b [Å] 34.6061(8) 

c [Å]  9.4842(5) 

α [°] 90 

β [°] 90 

γ [°] 90 

V [Å3] 11358.1(7) 

Z 4 

F(000) 5072 

[Å] 0.71075 

T [K] 100(1) 

calcd [Mg m-3] 1.457 

(MoK ) [mm-1] 0.502 

range [° min-max] 2.45 -22.46 
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no. of data collected 50 563 

no. of unique data 7 357 

R(int) 0.057 

no. of variable parameters 696 

no. of obsd. refl.[a] 7 357 

R[b] obsd., all 0.079 , 0.096 

Rw[c] obsd., all 0.192, 0.211 

S 1.050 

( / )max 0.083 

( / )max, min [e Å-3] 0.753 , -0.653 

 

6.4.5. UV-Vis spectroscopy 
 
 UV-Vis absorption measurements for the 6.5 and 6.10o complex were 

performed on KBr pellets using a Varian UV-Vis-NIR CARY 5E double-beam 
spectrophotometer. The KBr pellets were prepared with less than 1% of 6.10o 
dispersed into KBr. Grinding of the solid was avoided as it may result in the chemical 
and/or physical alteration of the sample. UV-Vis irradiation was carried out with a 
black lamp (max = 365 nm) and also with an Oriel arc lamp (200 W, (HgXe)), filter 
650FS80–25,  = 650 nm). 
 
6.4.6. Magnetic measurements 

 
 Magnetic measurements were carried out using a Quantum Design SQUID 

magnetometer (MPMS5S Model) calibrated against a standard palladium sample. For 
photoexcitation of solids, the magnetometer is equipped with a fiber (UV grade fused 
silica) connected to (i) an Nd:YAG pulsed laser Surelite-Continuum Performance 
(ranging from 450–800 mJ at 1064 nm and harmonic options for 532 and 355 nm 
outputs). In situ excitations were performed with =355 nm. Typical intensity values 
on the sample were 5 mW cm−2. 
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