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Photoswitching of Magnetic Properties by using 
Diarylethene Photochromic Spin Coupler 

KENJI MATSUDA and MASAHIRO IRIE 

Department of Chemistry and Biochemistry, Graduate School of Engineering, 
Kyushu University, and CREST, Japan Science and Technology Corporation, 

Hakozaki 6-10-1, Higashi-ku, Fukuoka 8124.581, Japan 

We have designed and synthesized 1,2-bis(6-(1-oxyl-3-oxide-4,4,5,5-tetramethhylimidazo- 
1in-2-yl)-2-methylbenzo[h]-thiophen-3-yl]hexafluorocyclopentene which shows photo-switch- 
ing of intramolecular magnetic interaction by incorporating two niuonyl nitroxide into 
diarylethene photochromic spin coupler. 

Keyword.,: Photoswitching; Magnetism; Exchange Interaction 

I” 

Photochromism is defined as light-induced reversible transformation of 
chemical species between two forms having different absorption 
spectra.‘” The two isomers differ from each other not only in the 
absorption spectra but also in various physical and chemical 
properties.[’] Molecular magnetism‘’] can also be photocontrolled by 
incorporating photochromic moiety into the system.‘” Here we report 
that intramolecular magnetism is reversibly photoswitched by 
incorporating two radical moieties into a photochromic diarylethene 
spin coupler (Figure 1). D
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Photoswitching of magnetic interaction. FIGURE 1 

We have chosen 1,2-bis(2-methyl-benz[b]thiophen-3-yl)perfluoro- 
cyclopentene['' la  as a photochromic spin coupler (Scheme 1). l a  is 
one of the photochromic diarylethenes, which undergo cyclizationlring- 
opening photochromic reactions, l a  = lb, and have excellent 
photochromic performance.""' The interconversion between la and l b  
of diarylethenes induces the change in aromaticity and in planarity of 
the x-systems, which are expected to influence the intramolecular 
magnetic interaction of two spins. Thus we designed molecule 2a 
which would show interconversion by light between two different spin 
states (Scheme 1). 

The synthesis of 2a was performed from l a  via difonnyl 
derivative. Dark blue plate crystal of 2a was obtained by 
recrystallization from hexane-CH,Cl,. The crystal structure was 
determined by X-ray crystallographic analysis (Figure 2). 
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PHOTOS WITCHING OF MAGNETISM [481]/157 

The nearest intermolecular contact between oxygen atoms of 
nitroxide is 4.38 A, which indicates intermolecular magnetic interaction 
is negligible. The average dihedral angle between benzothiophene 
ring and perfluorocyclopentene ring are 86.1". The n-conjugation is 
disconnected between the two benzothiophene rings. 

FIGURE 2 ORTEP drawing of 2a with thermal ellipsoids 
(50% probability). The hydrogen atoms are omitted for clarity. 
Only one conformation of the disordered perfluorocyclopentene 
ring is shown. 

Figure 3 shows the photochromic reaction of compound 2a and 2b. 
The ethyl acetate solution of 2a (1.7 x 10' M) was irradiated with 313 
nm light. Upon irradiation the intense absorption at 565 nm grew and 
after 5 min it reached the photostationary state. The clear isosbestic 
point was observed at 334 nm. Then the sample was irradiated with 
578 nm light for 60 min. The spectrum converted back to the original 
one with retention of isosbestic point at 334 nm. Both the degree of 
conversion of cyclization and ring-opening reaction were determined as 
>99% by HPLC. 
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FIGURE 3 UV-vis absorption spectra measured at different 
stage of photochromic reaction starting from open form 2a (1.7 x 
lo5 M AcOEt solution). (1) initial (2) after irradiation with 3 13 
nm light for 1 min (3) 5 min (4) 10 min (5) after irradiation with 
578 nm light for 5 min (6) 30 min (7) 60 min. 

Both the isomers 2a and 2b can be isolated as microcrystals. 
The magnetic susceptibility was measured on a SQUID susceptometer. 
xT-T plots are shown in Figure 4. The data were analyzed in terms of 
a modified singlet-triplet two-spin model (the Bleaney-Bowers-type) in 
which two spins (S = 1/2) couple antiferromagnetically within a 
biradical molecule by exchange interaction J (eq. l).“’ 

Where 8 indicates a Weiss constant employed to describe the additional 
intermolecular interaction by a mean field theory. Correction factorf 
was introduced for the correction of the experimental error. The best 
fit parmeters by means of a least-squares method were U / k B  = -2.2 f 
0.04K,0=0.24f0.01 K,andf=0.91 for2aandU/kB=-11.6+0.4K, 
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PHOTOSWITCHING OF MAGNETISM [483]/159 

8 = -2.4 f 0.3 K, and f = 1.03 for 2b. Though the two spins of open 
form 2a have small interaction (UkS = -2.2 K) between spins due to 
the disconnection of the rr-systems, spins of 2b have remarkable 
antiferromagnetic interaction (U/kn  = -11.6 K). 

We have measured the magnetic susceptibility of 2b (3% w/w) 
dispersed in poly(n-butyl methacrylate) to know the contribution of the 
intermolecular interaction in the closed-ring form crystal. The 
photochromic reaction could proceed in the polymer dispersed system. 
The measured intramolecular antiferromagnetic interaction in the 
polymer dispersed system ( U / k B  = -12.5 f 0.5 K) was similar to that 
observed in the crystal. This clearly indicates that the increase in 
IUlk,l is not due to intermolecular interaction but due to the 
intramolecular interaction. The photoinduced change in the molecular 
structure from twisted one to planer one resulted in the change of 
magnetic interaction. 

FIGURE 4 

Solid line represents the theoretical curve (see text). 
27'-7' plot for (0) 2a and (A) 2b measured at 5000 G. 
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Here we have reported the development of reversible photochromic 
system with the change of magnetic interaction. The conversion of 
both photoreaction was almost 100%. The change of the 
magnetization was attributed to the change of the planarity and 
aromaticity of the molecular structure. - 
This work was partly supported by CREST of Japan Science and 
Technology Corporation and by a Grant-in Aid for Scientific Research 
on Priority Area (No. 11133249) from the Ministry of Education, 
Science, culture, and Sports, Japan. 
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