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Characterizing the Magnetic Properties of Low-Dimensional Quantum Magnets
Blackmore, W.J.A.; Brambleby, J.; Goddard, P.A. (U. Warwick, Physics); Manson, J.L. (EWU, Chemistry) and Singleton, J. (NHMFL, Los Alamos)

Introduction 

Transition metal-organic based materials can act as quantum magnets at low temperatures. In these compounds, magnetic exchange between metal ions are mediated by organic molecules. Due to the flexibility of organic chemistry, the final form of the coordination polymer can be engineered to produce specific structures that inhibit magnetic interactions in certain directions, creating low-dimensional magnetic systems which may be used to test models of quantum magnetism [1].

Experiment Details

Pulsed-field magnetization measurements of powdered copper and nickel based coordination polymers were performed using the short-pulse 65 T magnet at NHMFL Los Alamos. The samples were cooled and measurements made at a variety of temperatures in the range 0.3 < T < 30 K using a 3He cryostat.
Results and Discussion
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Previous susceptibility measurements of the [Cu(NO3)(pyz)2]NO3.H2O had suggested that it exhibited quasi-two dimensional magnetic behaviour (Q2D) with  a predicted saturation field HSAT ≈ 21 T. Powdered pulsed-field magnetization measurements [Fig.1(a) and (b)] show two critical fields (HC1=19.5(5) T, HC2 = 23.0(5) T) which are associated with the g-factor anisotropy of the compound, which broadens the saturation field and is consistent with the predicted value. There is a third peak in the differential susceptibility at Hf ≈ 14 T. A feature is expected in Cu2+ systems with spin-exchange anisotropy, which is a 2nd order affect that arises from spin-orbit coupling. However, this feature is typically at a much lower energy scale than the observed Hf [2], and therefore the origin of Hf still remains to be resolved.
[image: image3.jpg][Ni(H2O)2(3,5-lut)4](BF4)2 is a coordination polymer that contains negligible magnetic interactions, allowing the extraction of the single-ion anisotropy parameters D and E. These can then be related to structurally similar materials that contain magnetic interactions. Powdered pulsed-field magnetization measurements [Fig.2(a)] show that the sample is almost saturated by 10 T at low temperatures. In 
S = 1 easy plane compounds (D > 0), D and E cause a weak maximum in the differential susceptibility which corresponds to the point where the Zeeman energy overcomes the energy scale of D and E. In this compound, this maximum was too weak to be observed directly. However, by taking the gradient of the differential susceptibility, the critical field HC ≈ 6.0 T can be taken as the center of the derivative peak [Fig.2(b)]. This gives an estimate of (D2-E2)1/2 = 8.87 K, which is consistent with modelling of low field susceptibility measurements, and confirms that [Ni(H2O)2(3,5-lut)4](BF4)2 exhibits easy-plane anisotropy.
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Fig.1 (a) magnetization and (b) differential susceptibility of [Cu(NO3)(pyz)2]NO3.H2O.





Fig. 2 (a) magnetization and (b) gradient of the differential susceptibility of [Ni(H2O)2(3,5-lut)4](BF4)2.









