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Pressure Effect on Mn Complexes of Bisaminoxyl 
Radicals 

YUKO HOSOKOSHIa, KENTARO SUZUKIa, KATSUYA INOUEa and 
HIIZU IWAMURA~ 

‘Institute for  Moleculur Science, Nishigounaku 38, Myodaiji, Okazaki, Aichi 
444-8585, Japan and blnstitute for Fundamental Research of Organic Chemis- 

try, Kyushu University, 6-10-1 Hakozuki, Higushi-ku, Fukuoka 812-0053, Japan 

The pressure effects on magnetic properties of one-dimensional Mn complexes with 
1,3-bis(N-rert-butylaminoxyl)benzene and 5-chloro-l,3-bis(N-zert-butylainoxyl)benzene 
have been studied. These complexes have weak interchain interactions with different signs 
and the former is a metamagnet and the latter is a ferrimagnet at ambient pressure. The inter- 
chain interactions of the former is enhanced by pressurization. The transition temperature 
becomes higher and the critical field becomes larger with applying pressure. The closer spac- 
ing of each chains caused by pressurization, yields larger antiferromagnetic interchain inter- 
actions in this compound. On the other hand, the response to the pressure of the latter 
ferrimagnet, is rather complicated. The transition temperature becomes higher and the antif- 
erromagnetic interchain interactions are induced by pressurization. The interchain exchange 
coupling in this compound should be sensitive to the relative orientation of the chain struc- 
ture. The decrease of the ferromagnetic contribution and/or the increase of the antiferromag- 
netic one in the interchain interactions is brought about by pressurization. 

Keywords: pressure; magnetic measurements; one-dimensional magnet; metamagnet; fer- 
rimagnet; aminoxyl radicals 
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s12 YUKO HOSOKOSHI et ul. 

INTRODUCTION 

Asserribliiig of organic polydeiitate ligands with transition-metals is an 

efficient method to construct a molecular magnet with well-defined 

structure['!. The asseiriblage of 1,3-bis(N-tert-butyla11~11o~l)be1lze1ie 

( 1 ~ )  arid bis(hexafluoroacetylacetonate)rrianganese(II) [Mn(hfac)2] yields 

an onedirriensional compoundr']. The 1:1 coniplex of [Mn(hfac),].lH is a 

metarnagnet with T,: = 5.4 K. The complexes of the halogen derivatives of 

5-chloro- arid ~-bromo-~,3-bis(~-tert-butyla1rii1io~l)be1ize1ie (lcl arid 1 ~ ~ ,  

respectively) with [Mn(hfac)l] have similar one-dimensional chains, but 

undergo ferriniagrietic phase transitions at 4.8 and 5.3 K, respectivelyl:']. 

The different ground states are attributable to the different sign of the 

iiiterchairi interactious, which is reflecting the slight difference in the relative 

orientation of the chain structures. 

X 
I 

1" (X=H) 
l C l  (X=CI) 

111 this rriaiiuscript, the pressure effects 011 the magnetic properties 

of [Mii(hfac)l].lH arid [Mn(hfac)z].lcl are presented. For the former 

complex, the pressurization simply results in the enhancement of the 

antiferromagnetic interchain interactions, which is reflected by the higher 
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PRESSURE EFFECT ON Mn COMPLEXES 513 

transition temperature arid critical field. On the other hand, the sign of the 

interchain interactions in the latter complex is changeable by pressurization. 

The interchain interaction in this compound should be sensitive to the 

relative orientation of the chain structures. Applicatiori of pressure results 

in  the eiiharicerrierit of magnetic phase transition temperature and the 

increase of the aritiferrornagrietic portion in the interchain interactions. 

We first describe the difference in the crystal structures between these 

compounds. Then, the magnetic properties are presented and the effect 01 

the pressure is discussed. 

EXPERIMENTAL 

The biradicals of 1~ and lcl were sy~ithesized[~l and the complexes 

with [Mn(hfac)g] were obtained following the method described i n  

the literatures[*~'l. The freshly prepared samples are mounted in a 

small high-pressure clamp cell made of Cu-Ti alloy, arid dc and ac 

magnetic measurements were performed using a Quantum Design SQUID 

magnetometer['I. 

CRYSTAL STRUCTURES 

The unit cell parameters are compared in Table I. The crystal structures 01 

these compounds are corIipared in Fig.1 (a) arid (b). In both cases, the 

nearest Iieighbour chains have the translation syrnmetry along the a-axis. 

There is a slight difference iii the relative orientation between chains. 111 thc 

case of [ M ~ i ( h f a c ) ~ ] . l ~ ,  the nearest interchain contact is the one between 

the oxygeii atom of the N-tert-butylarninoxyl and the fluorine atom of the 

hfac molecule: F. . .O 3.04 A. This fluorine atom is also placed near to the 
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FIGURE 1 Crystal structure of (a) [ M ~ i ( h f a c ) ~ ] . l ~  arid (b) [Mri(hfac),].lcl 
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PRESSURE EFFECT ON Mn COMPLEXES 515 

oxygen atom of another N-tert-butylaminoxyl: F.. .O 4.19 A. We cw see 

the shift of the relative arrangement of each chain in [Mn(hfac)2J.lcl. 

One of the oxygen atom of N-tert-butylaminoxyl is placed near to  the 

hfac molecule with two contacts: F. . .O 2.97 and 3.42 A. These fluorine 

a t o m  are rather separated from the another N-tert-butylaminoxyl by the 

distances of F. .O 4.50 and 5.24 A.  The change of the relative orieiitatiori 

of the chaiii structure is probably due to  the contact between the chlorine 

atom and the fluorine atom of another hfac molecule: CI. . .F 3.27 A, which 

is close t o  the value of the sum of the van der Wads radii (3.15 A).  

'I'ABLE I 

Space group is P21/n. 

Unit cell parameters of [Mn(hfac)2].1H and [ M n ( h f a ~ ) ~ ] . l c l .  ' 

corripourid a / A  b l A  C I A  p p  VIA3 
[Mn(hfac)2].lH[2] 9.212(3) 16.620(3) 20.088(2) 98.46(1) 3042(1) 

[Mn(hfac)2].lcl["l 8.953(4) 17.020(4) 20.094(5) 98.66(2) 3027( 1) 

MAGNETIC PROPERTIES 

'I'he temperature dependexice of the static susceptibilities a t  ambient 

pressure rneasured with the applied field of 5 Oe is shown in Fig. 2. The 

measurements after the cooling with the zero-field (ZFC)' shows abrupt 

increase of the susceptibilities and a sharp peak at  5.4 K. 

'The residual field is estimated by the measurements of Pb. The zeru-field used is 

within the wcuracv of f U . 1  Oe 
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516 YUKO HOSOKOSHI et al. 

FIGURE 2 Temperature dependence of the static susceptibilities of 
[ M ~ i ( h f a c ) ~ ] . l ~  at  arribient pressure suffered from ZFC (0) and FC (A). 

‘I’he irieasureimerits of the ac susceptibility is also done and the sharp 

peaks in both the real part (x’) and the imaginary part (x”) are observed 

at this temperature. We use the ac susceptibility IneaSurernents for 

the pressure clarnp cell in order to determine the transition temperature 

precisely. For the reliable Ineasurenients to prevent the influence of the eddy 

current on the metal surface, the small frequency of ca. 1 Hz is used. The 

nieasurerrients with 1 Hz for the sarriple in the clmrip cell without pressing 

give the sanie results for the sample mounted in a capsule. The use of the 

higher frequency than 40 Hz causes eddy current and the measurements 

i l l  such a coiiditioris is not reliable. Figure 3 shows the temperature 

dependence of the ac susceptibilities a t  arnbieiit pressure and 7 kbar. Under 

7 kbar, the transition temperature a t  which susceptibilities take a maximum, 

becomes higher toward 5.8 K. The rriagietizatioti isotherms at  1.8 K under 

ainbieiit pressure and 7 kbar are compared in Fig. 4. The critical field 

also became higher toward ca. 600 Oe. These results means that the 
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PRESSURE EFFECT ON Mn COMPLEXES 517 

antiferromagnetic interchain interactions become larger by pressurization. 

It is suspected that pressurization brings about the shorter contacts between 

chains and larger exchange couplings aa interchain interactions. 

FIGURE 3 Temperature dependence of the ac susceptibilities of 
[Mn(hfac)z).l~ at ambient pressure (0 )  and at 7 kbar (A). The frequency 
and ac amplitude are 1 Hz and 5 Oe, respectively. 

H koe. 

FIGURE 4 Magnetization isotherms at 1.8 K of [Mn(hfac)2]-1~ at ambient 
pressure (0) and at 7 kbar (A). 
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518 YUKO HOSOKOSHI et (I/. 

The temperature dependence of the ac susceptibilities at ambient pressure 

diverges below ca. 5 K, and the maximum slope of x‘ is seen at 4.8 K, below 

which x” takes h i t e  values. The magnetization isotherm at 1.8 K shows 

rapid saturation below 400 Oe. Therefore, [Mn(hfac)&lcl at ambient 

pressure is characterized to a ferrimagnet with Tc = 4.8 K. 
Figure 5 shows the temperature dependence of the &c susceptibilities 

of this compound under 7 kbar. The characteristic is a broad peak at 

5.6 K. The magnetization isotherm at 1.8 K under 7 kbar is Compared with 

the one at ambient pressure in Fig. 6. The saturation rate under 7 kbar 

below ca. 4 kOe is slower than the one under ambient pressure. These 

behaviour suggests the appearance of the antiferromagnetic distribution 

in the interchain interactions. However, the magnetization process under 

7 kbar exhibits a hysteresis loop. As is shown in Fig. 7, the magnetization 

35 
L 

- 

6 8 10 

ambient pressure 

20 0 0 

0 

0 
0 
n 

6 8 10 

FIGURE 5 Temperature dependence of the ac susceptibilities of 

(Mn(hfac)z]-lcl at ambient pressure (0 )  and at 7 kbar (A). 
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PRESSURE EFFECT ON Mn COMPLEXES 519 

H /kOe 

FIGURE 6 Magnetization isotherms at 1.8 K of [Mn(hfac).&lcl at ambient 

pressure ( 0 )  and at 7 kbar (A). 

FIGURE 7 Hysteresis loops of magnetization at 1.8 K of [Mn(hfa+].lcl at 

ambient pressure ( 0 )  and at 7 kbar (A). 

at 1.8 K under 7 kbar exhibits larger hysteresis than at ambient pressure. 

These observed results may be reflecting the intermediate state between 
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520 YUKO HOSOKOSHI et ul. 

the ferrimagrietic and Inetamagnetic ones. The competition between the 

ferrorriagrietic and antiferroniagnetic interactions is suspected. For the clear 

observatiori of the rrietarnagnetic behaviour in [M~i(hfac)~] lc l ,  needed is the 

application of larger pressure thari 7 kbar. 

CONCLUSIONS 

'l'he magnetic properties under pressure have beer1 studied for onedimensional 

magnets with similar crystal structures. 111 the present experiments, 

pressurization works to iiicrease the antiferromagnetic interactions and may 

be to reduce the ferrorriagiietic interactions. 'l'his can be related to the 

mechanism of the exchange interactions iri molecular magnetism. 
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