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Study on the Spin-Crossover System for 
[ Fe(4-NH2trz)3](p- CH3C6H4S03)2*nH20 

SHUJI TOYAZAKI~, YUICHI MURAKAMI~, 

TOSHIHIKO YOKOYAMA~ 
TOKUTARO KOMATSU", NORIMICHI KOJIMA" and 

aGraduate School of Arts & Sciences, Univ. of Tbkyo, Tokyo 153-8902, Japan and 
bGraduate School of Science, Univ. of Tokyo, Tokyo 113-0033, Japan 

We have investigated the spin-crossover behavior for [Fe(4-NH2trz)J 
(p-CH,C,H,SO,),*nH*O. From the EXAFS measurement, it is confirmed that this complex 
has a linear chain polynuclear structure like the typical iron(l1)-triazole complexes. In this 
complex, the number of crystal water, 11, varies from 1.5 to 8 under the condition of water 
vapor pressure. The spin-crossover behavior in this complex strongly depends on the crystal 
water as well as the counter-anion. With increasing the number of crystal water from 1.5 to 8, 
the spin transition temperature decreases and the hysteresis width becomes narrower. In the 
case of n = 1.5, a stepped spin-crossover transition takes place and the intermediate spin state 
shows a unique thermal history. 

Keywords: spin-crossover complex; thermal hysteresis; EXAFS; hydrogen bond 

Transition metal complexes with d4-d7 mnfigm&on have a possibility of the 
spin transition between the low-spin gS) and the high-spin (HS) states. Iron(II) 
complexes coordinated by 1,2ftriazole and its derivatives att: known to form the 
Fe chain stmcture illustrated in Fig. I and to show the spin transition between the 
diamagnetic state (S = 0) and the panmagnetic state (S = 2) with a large thermal 
hysteresis loop around room Owing to this magnetic nature, the 
application to some molecular devices such as display and memory may be 
possible. 

In order to sxwh on the spincrossover system having the bistabdity in the 
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FIGURE 1 
Ixgc circle : Fe. snitall circle : C, black filled t h  : N. 

The Fe chain structwe of the iron(lI)-triozole coniplex. 

Synthesis of pc(-l-Ncl,tri. ),l(p,-cWX:&SO,): iron powder was dissolved 
into the nicthanolc solut~on of ptoluenesulforuc acid. Ascohic acid was used 
to prcvent the partial oxlhon of iron (10. After evqwllrtng rnethmol Fe(p 
CH3C6lI4S0JL precipitated is blutsh pwder TfK: crude product waq 

iec~y~tii lu~d from nleth;aol. Then the niehol ic  solubon of Fe(p 
C M  ,C6H4S0& w a  mixed with the imdianohc solution of4-anlmo-l,2Amw,le. 
The desired coniplex precipil;rted ininledmtely as wlute powder and was filteretl 
off. Becausr: of the hy(kabim, the color of the complex tumcd to purple. 

Although Ibe nuxnkr of crystal watcr, n, nearly y u d s  to 1.5 under the 
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STUDY ON THE SPIN-CROSSOVER SYSTEM [495]/17; 

ambient humidity, n increased from 1.5 under more humid condition. To keep 
n in the desired value more than 1.5, the hydrated compound was sealed into an 
aluminum capsule after the adjustment of n by means of hrmogravimter. In 
addition, the value less than 1.5 waq acquired by drylng in vacuum. - 
The Fe Kedge W S  spectra were taken in the conventional transmission 
mode at BL-IOB in Photon Factory (operation energy of 2.5 GeV and stored 
current of 400-200 mA) in Institute of Materials Structure Science. A water- 
cooled Si(311) channelcut crystal was employed as a monochromator. The 
sample was diluted with BN to give a pellet. In order to avoid the loss of crystal 
water in vacuum, the pellet was completely sealed with an adhesive substrate 
(Stycaqt No. 1266). 

The temperature dependence of magnetic susceptibility was measured with 
Quantum Design MPMS-5s SQUID susceptomter. The applied field was 
5000 Gauqs. 

Figure 2 represents the Fourier transforms of EXAFS for [Fe(4-NH2hz),]@ 
CH,C&SOJ2*1.5H,O at 295K and 365% which comsponds to the low spin 
state and the high spin state, reqpectively. The peaks of the Fourier transforms 
at 3.5A and 3.8A for 295K and 365% mpectively, are due to the Fe-Fe 
scattering and the peaks at 6.9A and 7.3A for 295K and 365% respectively 
correspond to the Fe-Fe-Fe multiple scattering, which pmve the straight one- 
dimensional Fe chain structure. 

Figure 3 represents the spincrossover behavior for Fe(4-NH,m),]@ 
CH,CJ4S0,)pH20 (n = I .5, 3.5, 5.5,8). As shown in Fig. 1, with increasing 
the number of crystal water, n, the tramition temperature lowers and the thermal 

hysteresis width becomes narrow. The samples of n = 1.5, 3.5 and 5.5 show a 
stepped low spin - high spin transition. The sample of n = 8 has no thermal 
hystemis. In this system, the effect of crystal water on the spin transition 
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0 2 4 6 8 10 
RG 

FIGURE2 Fourier transforms of EXAFS for 
[Fe(4-NH,trz),](pCH,C~SO,)**l SH,O at 295K and 365K. 

tempeiature is similar to the effect of counter-anion reported by J.  J .  A. Kolnaar et 
al." The increment in the radius of counter-anion for [Fe(4-NH2ttz)&inion), 
*nH,O reduces the spin transition tempem:'. '. which implies that the 
counter-anion perform.. as a spacer between Fechains and the increase of anion 
radius makes the lattice softer. 

Figure 4 represents the spincrossover behavior for n = 1.5 and n c 0. The 
spin transition for n = 1.5 is abrupt whem.. that for n . 0 is gradual and the 
high-spin fraction remains even at OK. This result contmts with that shown in 
Fig.3. In this case, the crystal water is pmumably supposed to form hydrogen 
bonds and make the lattice harder. 

4- - 
'I 3: 
bi 2 -  
2 -  
8 1 -  
Y -  

O 1 1 1 1 1 I I  

250 300 350 
T/K 

FIGURE 3 
Ir;e(4-NH,tn.)~](D-<JHC~JI,S0,)2.nH,0. n = 1.5 (solid), n = 3.5 (dot), 
n = 5.5(dach), n = 8 (dotdash). 

Temperatm dependence of the magnetic susceptibility for 
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STUDY ON THE SPIN-CROSSOVER SYSTEM [497]/179 
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FIGURE 4 
~e(4-NH,hzj,](pCH,C~SO~),.~~O. n = 1.5 (SoEd), n - 0 (dot). 

Tempe- dependence of the magnetic susceptibility for 

4-  
3 

300 350 
T K  

FIGURE 5 
[Fe(4-NHztIz),l(pCH,C~S0,k1 .5H,O. 
First heating process (solid), cooling process(dot), 
second heating process (dash), third heating p m s s  (dot-dashj. 

Temperature dependence of the magnetic susceptibility for 

Figure 5 represents a curious spin-crossover behavior for n = 1.5. The 
intermediate state between 3 10 and 360 K gradually disappears by annealing and 
this change is not reversible. Similar irreversible thermal history of spin- 
crossover behavior was reported on a Langumuir film of an amphiphilic i ron0  
complex.[g1 The irreversible thermal history is assumed to arise from the 
rearrangement of inner structure by annealing. 

As mentioned above, the effect of crystal water on the spincrossover 
behavior is important as well as that of counter-anion. In particular, the two 
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opposite hctions of ctystal water shown in Fig.3 and 4 are interesting. 
Additional study by means of IR Spectroscopy is in progress. 

This work was supported in part by a grant-in-aid for Scientific Research from 
the Ministry of Education, Science and Culture, Japan. 
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