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Abstract: The titled compound 1 as well as compounds 2 and 3 with similar chemical structures 
were prepared and characterized.  The magnetic properties of 1 were investigated with SQUID 
(MPMS, quantum design) magnetometer.  Studies with Langmuir-Blodgett (LB) technique 
indicated that stable condensed film of 1 could be formed at air-water interface and could be 
transferred onto various solid substrate under suitable conditions.  
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Since the discovery of the first genuine organic ferromagnet, p-nitronylphenyl nitronyl 
nitroxide (p-NPNN) in 19911, great progress has been achieved in the field of organic 
ferromagnetism.  By now, more than twenty purely organic ferromagnets have been 
reported successively2.  However, the ferromagnetic transition temperature (Tc) of these 
purely organic ferromagnets are still very low with the highest being only 1.48 K3 except 
for the charge-transfer complexes based on tetracyanoquinodimethane (TCNQ) and C604.  
At present stage of research in this field, on one hand, efforts are devoted to the design 
and synthesis of new purely organic ferromagnets with high Tc.  On the other hand, 
research focuses on the relationship between the spin-spin interaction and intermolecular 
arrangements in the solid state.  Langmuir-Blodgett (LB) technique is powerful in 
fabricating molecules in molecular level and controlling molecular arrangements in the 
solid state.  Therefore, it is possible and worthwhile to study the dependence of 
intermolecular spin-spin interaction on the intermolecular orientations through the 
formation of LB films.  With this aim in mind, we designed several organic compounds 
containing stable radicals with long alkyl chain5 such as compound 1 with two radical 
substituents (nitronyl nitroxide and imino nitroxide) at the meta positions of benzene.  In 
this communication, the synthesis, magnetic study and the formation of LB film of 1 will 
be reported. 

The synthesis of 1 started from dimethyl 5-hydroxyisophthalate as showed in 
Scheme 1.  Compound 4, obtained by alkylation (yield: 90%), was reduced to 5 with 
diisobutyl aluminum hydride (DIBAH) (yield: 83%).  The above reduction was also 
performed with lithium aluminum hydride under different conditions, but in each  
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case no identified product was obtained.  Oxidation of 5 with pyridinium chlorochromate 
(PCC) afforded 6 in the yield of 65%.  The condensation between 6 and 2,3-dimethyl–
2,3-dihydroxyamino butane6 was much more complicated than expected.  The above 
condensation product was not purified further and was oxidized directly with sodium 
periodate in the presence of water and tetrabutylammonium bromide yielding 1 together 
with compounds 2 and 3 with very similar chemical structures.  It was originally 
expected that only compound 2 was produced by the above synthesis sequences.  The 
formation of 1 and 3 was most probably due to loss one and two molecules of water 
respectively from the intermediate compound 7.  The individual yields of 1, 2 and 3 were 
strongly dependent on the condensation reaction conditions: time, temperature, solvent, 
and the molar ratio of 6 to 2,3-dimethyl-2,3-dihydroxyaminobutane as well.  The overall 
yield for 1, 2 and 3 could reach 20% based on dimethyl–5-hydroxyisophthalate  

Scheme 1. Synthesis of compounds 1, 2 and 3. 
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when the condensation reaction was carried out in benzene at 80oC for 16 hrs 
under nitrogen atmosphere with 2,3-dimethyl-2,3-dihydroxyaminobutane in large 
excess as compared to 6.  Surprisingly, under each condition compound 1 was produced 
in relatively high yield by comparing with compounds 2 and 3.  Analytically pure 
compounds 1, 2 and 3 were obtained by purification with chromatography on silica gel 
with the mixture of ethyl acetate and petroleum.  Their chemical structures were 
confirmed by spectroscopic data and elemental analysis7.  

As an example, the magnetic properties of polycrystals of 1 were investigated with 
SQUID as showed in Figure 1, where the plot of the product of magnetic susceptibility 
(χ) with temperature versus temperature was given.  Above 84 K, the product χ⋅T 
remains almost constant (≈ 0.732 emu. K. mol-1), then it increases with decreasing 
temperature, reaching maximum (0.763 emu. K. mol-1) at  24 K and again decreasing 
with lowering temperature below 24 K.   This magnetic behavior can be well explained 
by S-T (singlet – triplet) model.  For compound 1, the two radical units occupy meta 
positions of benzene, accordingly, intra-molecular spin-spin ferromagnetic 
interaction is expected8. Hence, for the polycrystals of 1 inter-molecular spins should  

 
Figure 1. The plot of χT versus temperature for polycrystals of 1 

 
 

 
 
 
 
 
 
 
 
 
 
 

Figure 2. Surface pressure-area isotherm of 1 
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interact anti-ferromagnetically. Therefore, the magnetic properties of polycrystals of 1 
should be due to intra-molecular spin-spin ferromagnetic interaction and inter-molecular 
spin-spin antiferromagnetic interaction. 

The formation process of LB film of 1 was studied.  Figure 2 showed the surface 
pressure-area isotherm of 1 on pure water, which indicated that stable condensed film of 
1 could be formed at air-water interface and did not collapse until 30 mNm-1.  The 
limiting molecular area of 1 was determined to be 73 Å2.  At a pressure of approximate 
25 mNm-1 the monolayer of 1 could be transferred onto various solid substrate in Z or Y 
type by the vertical dipping method with transfer ratio greater than 0.9. Multi-layer LB 
films of 1 could be prepared similarly. 

Further investigations are in progress.  These include crystal structural analysis of 1, 
characterization of the prepared LB film with AFM, MFM, and magnetic studies of the 
LB film. Studies on the LB films of 2 and 3 will be also conducted. 
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