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Enhanced Magnetic Coupling in Quasi-1D Cu(NO3)2(pyz)3 (pyz = pyrazine)
Manson, J.L.; Barton, A.M. (EWU, Chemistry); Brambleby, J.; Blackmore, W.J.A.; Goddard, P.A. (U. Warwick, Physics) and Singleton, J. (NHMFL, Los Alamos)

Introduction 


Cu(NO3)2(pyz) is arguably the best experimental realization of the Heisenberg 1D chain AFM model [1]. It contains bridging pyz ligands leading to Cu-pyz-Cu chains with chelated NO3- ligands. The Cu(II) dx2-y2 magnetic orbital is oriented along the chain axis and an exchange coupling constant (J) of 10.3 K has been reported [1]. Weak interchain coupling affords TN ≈ 107 mK and a small ordered moment of ~0.05 B as evidenced by +SR measurements [2]. Through synthetic modification, deep blue rods of a related material, Cu(NO3)2(pyz)3, can be prepared which features a similar 1D chain motif but two additional, non-bridging, pyz ligands as shown in Fig. 1a [3,4]. The chains loosely pack and are held in place by van der Waals and - interactions. Herein, we report on the magnetic properties of this new phase and compare those findings to prototypal Cu(NO3)2(pyz). 
Experiment Details

Magnetization measurements were conducted at the Pulsed-Field Facility of the NHMFL-Los Alamos using a 65 T short-pulse magnet. A small needle-like crystal was loaded into an ampoule and mounted inside the coil-set of a home-made magnetometer. Using an extraction technique, data were collected at several temperatures between 0.58 and 10.04 K. 
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Results and Discussion

SQUID magnetometry shows a broad maximum at 9 K which is higher than the Tmax of 6.6 K exhibited by Cu(NO3)2(pyz) [1]. This already suggests that the intrachain magnetic coupling (J1D) in the title compound is larger due to the derived relation, J1D = 1.56kBTmax, for the 1D Heisenberg AFM chain [5]. A J1D of 14 K is obtained from this equation as compared to a value of 13.7 K determined by a least-squares fit of (T) to a Heisenberg chain model, neglecting interchain coupling [5]. Confirmation of the reduced spin dimensionality also comes from the pronounced concavity observed in pulsed-field M(H) data for T < 1.5 K as presented in Fig. 1b. As the sample is warmed to 4 K, the concavity remains but becomes more subtle. At the lowest measured T of 0.58 K the approach to saturation (Hc) is very sharp, occurring at 20 T. Quantum fluctuations are relevant to the physics of S = 1/2 Cu(II) materials and are suppressed in high magnetic fields and the expression relating J1D to Hc, namely gB0Hc ( 2J1D, can be used to estimate J1D of 13.7 K, using g = 2.04 as obtained from the (T) fit. As compared to Cu(NO3)2(pyz), Cu(NO3)2(pyz)3 exhibits greater than 33% enhancement in J1D, presumably due to increased spin density diffused onto the pyz bridge. 
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Fig. 1 (a) Chain structure and (b) pulsed-field M(H) data for Cu(NO3)2(pyz)3. 
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