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PRESSURE EFFECT ON ORGANIC RADICALS 

YUKO HOSOKOSHI,' IvIASAFUMITAMURA,~ AND MINORU KINOSHITA3 

'Institute for Molecular Science, Myodaiji, O k a k i  444, Japan 
2Department of Physics, Faculty of Science, Toho University, Miyama, 
Funabashi, Chiba 274, Japan 
3Science University of Tokyo in Yamaguchi, Onoda, Yamaguchi 756, Japan 

Abstract The magnetic properties of galvinoxyl(4[3,5-bis( 1,1-dimethylethyl) 
-40~0-2,5-cyclohexadiene- 1- ylidenemethyl] -2 ,€i-bis ( 1,l-dimet hyl-et hyl) -phenoxy ) 
and F5PNN (2pentsfluorophenyl-4,4,5,5tetramethyl-4,5-dihydr~lH-imidazol 
-1-oxyl %oxide) under pressure are presented. We have found that the 
structural changes of both compounds can be suppressed by pressurization. 

The phase transition to a diamagnetic state of galvinoxyl can be 
suppressed by applied pressure. It has been found that under 7 kbar, the 
transition is sufficiently suppressed and the ferromagnetic interactions ace 
preserved down to low temperature. The temperature dependence of the 
paramagnetic susceptibility under 7 kbar obeys the ferromagnetic chain model 

The room-temperature crystal structure of F5PNN involves a uniform 
chain, while the low-temperature magnetism can be interpreted by the 
alternating antiferromagnetic chain model with 2 J / k ~  = -5.6 K and (Y = 0.4. 
We found that under 5 kbar, the low-temperature magnetism obeys the uniform 
antiferromagnetic chain model with 2J/ks = -5.6 K, which is consistent with 
the room-temperature crystal structure. 

with 2 J / k ~  = 25 K. 

INTRODUCTION 

The study on molecular magnetic materials has attracted much attention in recent 
years. Search for a new phenomenon in molecular materials is a current interest. 

We focus on the 'softness' of organic radicals. We have made a clamp cell for 
static magnetic measurements with high sensitivity. In this paper, we describe the 
pressure effect on magnetic properties of two organic radicals. We have found that 
some kinds of structural changes can be suppressed by pressurization. 
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STATIC MAGNETIC MEASUREMENTS UNDER PRESSURE 

The static susceptibility and magnetization under pressure was measured using a 
Quantum Design MPMS SQUID magnetometer, with a high pressure clamp cell 
made of Cu-Ti alloy (YAMAHA, YCu'l'M). A cross-sectional view of the cell is given 
in Fig.1. The cell enables an internal pressure to be maintained up to ca. 7 kbar. 
As a pressure-transmitting medium, a fluorine oil (Montefluos, H-VACl40/13) was 
used. The actual pressure at low temperature was calibrated by the superconducting 
transition temperature of Pb according to the well-known relation,' 

dTC 
dP 
- = -0.0365 K kbw-' 

The difference between the pressure at low temperature and the one applied at rooIn 
temperature is below ca.0.3 kbar in the pressure region of 3--7 kbar. 

R 

&1 
D E F G F E D  

FIGURE 1 A: Dummy cell 
(connected to a sample rod), B: Locking nut, C: Cylinder, D: Backing plate (ZrOz, 
KYOCERA, Z703N), E: Piston (ZrOz), F: Cu seal, G: Teflon bucket, H: Dummy cell. 

Cross-sectional view of the pressure clamp cell. 

G AWINOXYL 

Galvinoxyl is known to possess the largest positive 
Weiss constant among organic radicals, but to undergo 
a phase transition to a diamagnetic state at 85 K.2 
This transition is a first-order one with a large entropy 
change." This transition has prevented the detailed 
study of the ferromagnetic interactions of this material at low temperature, although 
the suppression of the transition by an impurity effect was reported in the mixed 
crystals with the precursory closed shell compound, hydrogalvinoxyl" and in the 
freeze-dried materials obtained from a highly dilute benzene so l~ t ion .~  

Here, presented is the suppression of the transition in pure galvinoxyl under 
This is the first observation of the ferromagnetic interactions in pure 

The low-temperature magnetic properties are 
pressure. 
galvinoxyl at low temperature. 
examiIied and the pressure effect on the transition is discussed. 
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Pressure Effect on Magnetic Properties of Galvinoxyl 

Galvinoxyl was prepared and purified by the method described in the literature6 
and crystallized from a solution of acetonitrile. The magnetic properties at 
ambient pressure was measured using the crystals packed in a bucket made 
of thin aluminum so as to avoid the stress as far as possible, because the 
magnetic properties of galvinoxyl is very sensitive to pressure. The phase 
transition to a diamagnetic state was observed at 82 K in the cooling process 
and at 84 K in the warming process. The observed data above the transition 
temperature (T,) can be reproduced by the Curie-Weiss law with the Curie 
constant, C = 0.364 emuKmol-' 
and the Weiss constant, 8 = 11 K. 
The radical content can bees timated 
from the value of C to be 97%. 
These results are consistent with 
the reported  one^.^,^ 

The temperature dependence 
of paramagnetic susceptibility, x,, 
under 7 kbar is compared with 
that at ambient pressure in Fig. 2, 
where xpT is plotted as a function 
of T.  It is clear that under 
7 kbar, the transition is sufficiently 
suppressed and the ferromagnetic 
iIiteractions are preserved down 
to low temperature. The 

'0 50 100 150 200 250 300 
T/K 

FIGURE 2 Temperature dependence of 
xpT of galvinoxyl under 7 kbar compared 
with that at ambient pressure. Solid curve 
for the data under 7 kbar is the fit by the 
ferromagnetic chain model with 2 J / k ,  = 
25 K. 

magnetization curves below 10 K are shown in Fig. 3, together with the theoretical 
ones calculated on the basis of the expression, 

where B,(x) is the Brillouin function and 2 = g S p g H / k B T .  The saturation rates 
become faster and faster as temperature decreases, and the one at 1.8 K is 
corresponding to the calculated one for S = 5. This means that more and more 
molecules are coupled ferromagnetically with lowering temperature and ferromagnetic 
interactions extend more than ten molecules at 1.8 K. 

The temperature dependence of X,T under 7 kbar was analysed on the basis 
of the room-temperature crystal ~tructure .~ The observed data above 3 K can be 
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