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1. Introduction

Previous experimental studies of Cu(tn)Cl2 (tn = C3H10N2) and Cu(en)(H2O)2SO4 (en = C2N2H8)  indicate that both compounds are potential representatives of spatially anisotropic triangular lattice (SATL) with spin 1/2 [1, 2]. The analysis of Cu(en)(H2O)2SO4 specific heat in zero magnetic field and susceptibility suggests the dominance of square – lattice-like features of SATL which according to work [3] should stabilize the Néel order in the ground state. This conjecture is supported by the appearance of a phase transition to the ordered state observed at TN = 0.9 [2]. On the other hand, a significant reduction of staggered magnetization and spin stiffness is indirectly indicated in Cu(tn)Cl2 by the low-temperature specific heat behaviour  with no ordering temperature down to 60 mK. Assuming the predominance of square-lattice –like interactions also in Cu(tn)Cl2, the system might belong to the quantum disordered phase expected in a narrow range of spatial anisotropy which is located between the ordered collinear and spiral order phases [3]. Recent quantum-mechanical calculations of exchange coupling in Cu(tn)Cl2 unexpectedly revealed the predominance of chain-like interactions [4] thus the clarification of the ground-state properties of both materials is a subject of further studies.
 A few days before the leave to Dresden, specific heat studies of powdered Cu(tn)Cl2 have been finalized in Košice in magnetic fields up to 9 T and temperatures above 2 K. The response of the short range correlations to the magnetic field indicates qualitative deviations from the pure chain-like behaviour [5] and suggests the presence of additional frustrated interchain interactions as predicted by E. Pavarini. Furthermore, recent specific heat studies below 2 K and magnetic field up to 2 T performed in Košice revealed the formation of a round anomaly developing  around 1 K already in the field 0.5 T. On the basis of the recent results we slightly modified the program in Dresden. We have focused at the electron spin resonance (ESR) studies and low-temperature specific heat measurements in magnetic fields above 2 T.
2. Description of the work


ESR studies have been performed on commercial X-band Bruker spectrometer in the temperature range from 2 K to 300 K.  The aforementioned systematic specific heat studies of  powdered Cu(tn)Cl2 in magnetic fields above 2 K suggest that unlike high frequency ESR, the low resonance X-band fields ( 0.3 T should not significantly disturb the character of short range correlations present in zero magnetic field. Prior to powder ESR studies we tested the effect of texture on the quality of ESR spectra at room temperature. In the case of powdered Cu(tn)Cl2 we observed  only very weak effect which was easily suppressed by further grinding of polycrystalline material. The measurements on pellets formed of pressed ground material and free powder mixed with Apiezon N showed the comparable quality of spectra with negligible traces of texture. This information is very useful for powder specific heat studies in magnetic field which are to be performed on pressed pellets.  Unlike Cu(tn)Cl2, the room temperature spectra of Cu(en)(H2O)2SO4 showed significant traces of texture, which was suppressed  by more thorough grinding of polycrystalline material. Recently, the team  in Košice succeeded in the synthesis of good quality single crystals of Cu(en)(H2O)2SO4 material, therefore besides temperature dependences we performed also angular dependences of ESR spectra at various temperatures. All spectra were recorded using modulation technique.
3. Main results


Temperature dependence of spin susceptibility has been obtained from ESR powder spectra of Cu(en)(H2O)2SO4 and Cu(tn)Cl2 by the second integration of ESR signal. The results were compared with existing SQUID susceptibilities data corrected for core diamagnetism. While good agreement is found at higher temperatures, at low temperatures where the short-range order (SRO) develops, we observed deviations which might be associated with the different way of excitation of the spin subsystem in ESR and SQUID techniques including impurities and free spins which were not detected in the SQUID susceptibility data measured only down to 2 K. Further reliable analysis requires a more detail study of ESR spectra at lowest achievable temperatures which according to Sergei Zvyagin should be performed in the near future.
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As for the single crystal studies of  Cu(en)(H2O)2SO4 , we studied angular dependence of ESR spectra rotating the flat  single crystals in three different planes defined by the surfaces of as grown sample. The resonance spectra are well characterized by Lorentzian line shape. The fitting  procedure using the Lorentzian model yielded angular dependence of resonance field and peak to peak linewidth (Figs.1, 2). A notation of rotation axes is done
  
Fig. 1.:  Angular dependence of resonance field of Cu(en)(H2O)2SO4 at 300 K and 2 K. Black: rotation axis is parallel to direction c’ (B is oriented in the a’b’ plane), red: rotation axis is parallel to direction b’ (B is oriented in the a’c’ plane), green: rotation axis is parallel to direction a’ (B is oriented in the b’c’ plane). 
according to the surface edges (Fig.1 left). Cu(en)(H2O)2SO4 crystallizes in the monoclinic system with the angle ( = 105(. The cleaving of the crystals together with the angular dependences of resonance fields indicate that the crystallographic axes are correlated with the surface edges as a = a’, b = c’, while c and b’ are tilted by 15(.  The shift about 15( observed in all orientations can be ascribed to the combined effect of the monoclinic symmetry and tilting of local anisotropy x,y,z axes with respect the crystallographic a,b,c axes. 
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Fig.2.: Angular dependence of peak to peak linewidth of Cu(en)(H2O)2SO4 at 300 K and 2 K. Black: rotation axis is parallel to direction c’ (B is oriented in the a’b’ plane), red: rotation axis is parallel to direction b’ (B is oriented in the a’c’ plane), green: rotation axis is parallel to direction a’ (B is oriented in the b’c’ plane).
Unlike the resonance fields, the angular dependence of the linewidth is characterized by a doubling of  a period in the b’c’ plane. Similar tendency is observed in the a’c’ plane while a slight shift towards lower angles is observed in the a’b’ plane. A more detailed study of the angular dependence in the a’c’ plane at various temperatures (300 K, 20 K, 2 K, 1.9 K) confirmed evident doubling of the period also in this orientation. These features might indicate the presence of a staggered field. Therefore in further step, we investigated temperature dependence of single crystal spectra in the orientation B||a’ and B||c’. The fitting  procedure using the Lorentzian model yielded temperature dependence of resonance field and peak to peak linewidth in both orientations (Figs. 3, 4). It is obvious that below 50 K significant changes of the corresponding g-factor can be observed. In the work [6] the theory of resonance shift ( Δg has been developed for the uniform Heisenberg antiferromagnetic chains. The authors showed that the g shift can be ascribed to the exchange anisotropy effects including dipolar coupling. Furthermore, the effect leads to the linear dependence of the linewidth in the region T ( J. When we apply the approximate model for Cu(en)(H2O)2SO4 with the exchange coupling J/kB ( 3 K, linear dependence of the linewidth should be expected at least below 10 K. Instead, in coincidence with the g-factor behaviour, a rapid increase of the linewidth is observed below 50 K. This behaviour might be associated with structural changes of the local surroundings of Cu(II) ion, potentially leading to the appearance of staggered field. According to the theory derived for one-dimensional systems [7], the staggered field leads to the increase of the linewidth with decreasing temperature which is in qualitative agreement with the experimental data. In the near future a more detailed quantitative analysis will be performed to estimate the strength of the staggered field. As was shown in [8], in the frustrated magnets even small values of staggered field can induce a phase transition to the ordered state. From this point of view, the character of the phase [image: image4.jpg]Bres (G)
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transition in Cu(en)(H2O)2SO4  deserves further investigation especially in the situation when we can work with large single crystals. 
Fig.3.: Temperature dependence of  the g- factor studied in two orientations of magnetic field. 
Fig.4.: Temperature dependence of peak to peak linewidth studied in two orientations of magnetic field.
4. Conclusion


Temperature dependence of integrated ESR intensity of powdered Cu(en)(H2O)2SO4 and  Cu(tn)Cl2 coincides well with SQUID susceptibility of  the powdered samples. The explanation of deviations observed at temperatures where the SRO develops  requires more detailed studies which will be performed in the near future. 


Temperature dependence of the linewidth and resonance fields in Cu(en)(H2O)2SO4 studied for two orientations of magnetic field suggests that at temperatures below 50 K, significant structural changes towards lower symmetry appear. This lowering symmetry can potentially lead to the existence of a staggered field at lower temperatures which is accompanied by a doubling of the period observed in the angular dependences of the linewidth in the b’c’ plane and a’c’ plane.
It will be interesting to study magnetic B vs. T phase diagram of Cu(en)(H2O)2SO4 in the corresponding orientations of magnetic field. These experiments will be performed in the near future together with low temperature specific heat studies of Cu(tn)Cl2 which were not  performed during my stay in Dresden because of the  lack of time.  


We are working on a more detailed quantitative analysis of the ESR experimental data.   After completing the data with specific heat measurements, at least two publications are planned within a few months.
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