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Effect of halide substitution in low-dimensional S = 1 quantum magnets
Blackmore, W.J.A, Williams, R.C. and Goddard, P.A. (U. of Warwick,Physics); Manson, J.L. and Villa, D.Y. (EWU, Chemistry); Singleton, J. (NHMFL, Los Alamos)
Introduction 

Following recent work in characterising low-dimensional spin-1 antiferromagnets (AFM) [1,2], this project aims to tune the magnetic parameters of chains of Ni2+ ions using different halide ions. We attempt to develop the ability to create bespoke magnetic systems with tunable single-ion anisotropy (SIA). Herein, we present the magnetic properties of NiX2(3,5-lut)4 (X = Cl, Br, I; lut = lutidine = NC7H9), a family of nearly ideal quasi-1D chains.
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Experimental 

Pulsed-field magnetization measurements of powdered NiX2(3,5-lut)4 (X = Cl, Br, I) 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


All three compounds show very different magnetic behavior 

(Fig. 1). For X = Cl, the magnetisation rises linearly to a broad saturation. There is a very weak bump in the differential susceptibility at 7 T. This is indicative of negligible magnetic interactions (J) between Ni2+ ions and is due to easy-plane SIA [2] via:


D = gμBμ0Hc = 9.8(1) K.                          [1]
The X = Br compound shows two critical fields in the dM/dH data, with no evidence of a spin-flop transition. This is due to the presence of magnetic interactions and easy-plane SIA [1]. Using Eq. 2 in [1], D = 5.5(1) K and J = 0.9(1) K. The X = I compound shows a small rise before a kink at 4 T. This is due to an energy gap Δ = 6.3(1) K between a nonmagnetic ground sate and an excited state. Then a linear rise towards a concave saturation field occurs at 48 T, which yields the intrachain magnetic interaction J = 17.5(1) K. Following previous ESR measurements on this material which extracted D = 0.06(4) K, NiI2(3,5-lut)4 is therefore a Haldane chain with |D/J| ~ 10-3 [3] and Δ = 6.3(1) K. The low-field regime was further investigated by low-temperature quasi-static SQUID measurements at Warwick. The rise was found to be from the paramagnetism of uncoupled spin-1/2 moments at the end of finite chains, making up 2.6(5)% of the sample. 
Conclusions

As the halide ionic size increases from Cl to I, the strength of magnetic interactions also increases, whereas the magnitude of the SIA decreases. The former property likely arises from a two-halide exchange interaction of the type M-X···X-M seen in some Cu2+ systems [4]. The variation in SIA suggests that magnetic moments on Ni2+ ions prefer to point away from strongly electronegative donor atoms.
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Fig.1 (a) Pulsed-field M(H) and (inset) DC SQUID M(H) measurements of NiX2(3,5-lut)4. Differential susceptibility of NiX2(3,5-lut)4 and d2M/dH2 of NiI2(3,5-lut)4.








