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Field dependence of the magnetization. Inset: the

derivative of the magnetization at 1.8 K shows a

signature of the possible small energy gap.

Temperature dependence of the susceptibility

including the models of isotropic (blue line) and

anisotropic (red line) S = 1 AFM spin chain.
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General magnetic parameters:

• The effective magnetic moment at 300 K is μeff = 3.32 μB

• An average g-factor is equal to 2.35

EXPERIMENT

The comparison of experimental magnetic specific

heat and models: isotropic zig-zag AFM model [6] and

AFM chain model calculated by MC (Monte-Carlo)

method with length L=100 spins using ALPS package.

CONCLUSION
The analysis of the experimental susceptibility using a model of spin-1 anisotropic AFM chain yielded parameter values D/kB = 4.05 K and

J/kB = 3.55 K. A theoretical prediction of D/kB = 3.7 K using ab initio approach is very close to the experimental value. In a first

approximation, the resulting D/J = 1.14 ratio suggests that the system is close to the topological quantum critical point. Specific heat analysis

shows no long-range order down to 400 mK and that a presence of weak next-nearest neighbor exchange interaction is possible to form a zig-

zag frustration. So far only one 1d material has been proposed to lie as close to D/J = 1, but it is still not clear, from which side of the quantum

critical point [3,4], so our system is a good candidate for further research (multi-frequency electron paramagnetic resonance, magnetization and

specific heat at milikelvin temperatures).
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Temperature dependence of powder heat capacity

showing the estimation of the lattice contribution

using Debye-Einstein model. (Magnetic entropy

defined by the grey area Smag = 8.738 J/Kmol is close

to the theoretical value.)

THEORY
Generally the quasi-1d system with anisotropic Hamiltonian of S = 1 spin operators

with nearest-neighbor spin exchange interactions and on-site single-ion anisotropy:

J and J’ are the two nearest neighbor antiferromagnetic

exchange interactions.

D is the axial parameter of single-ion anisotropy.

The ground-state 

phase diagram of 𝐻
Single-ion anisotropy D parameter (or D/J) 

defines phases:

• Ising AFM (D<0)

• Haldane (found out by FSS)

• XY AFM (D>0)

• QPM (D≥0) 

Real systems based on Ni2+ ions often require to include both axial (D) and rhombic

(E) single-ion anisotropy parameters in the Hamiltonian of an isolated anisotropic S =

1 AFM spin chain:

The presence of the rhombic anisotropy can change the ground-state nature of the

system.
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What the systems we observe?

Strongly correlated systems based on Ni2+ compounds can give rise to many striking emergent phenomena, which provide a playground for

theoretical condensed matter study.

What is the idea?

The idea of controlling the magnetic ground state of a spin-1 one-dimensional antiferromagnetic (1d AFM) quantum magnets has long been

of interest to theorists and experimentalists. We are interested in the properties at low temperatures where quantum effects play an essential

role. In the study of anisotropic 1d AFM systems based on Ni2+ compounds, a series of topologically protected quantum phases was observed.

The magnetic ground state of such a system is sensitive to the relative magnitude of the single-ion anisotropy (D) and the intrachain exchange

interaction (J) parameters. The D/J ratio dictates the system's placement in one of three competing phases: a Haldane gapped phase, a quantum

paramagnet, and an XY-ordered state, with a quantum critical point at their junction at D/J = 1.
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D/kB E/D g1 g2 g3 gavg

[Ni(2aepy)2Cl(H2O)]+

CAS(8,5) 3.05 0.093 2.200 2.214 2.217 2.211

CAS(8,10) 3.44 0.036 2.230 2.250 2.250 2.243

[Ni(2aepy)2Cl(H2O)]Cl

CAS(8,5) 3.41 0.154 2.200 2.215 2.221 2.190

CAS(8,10) 3.75 0.095 2.230 2.240 2.250 2.240

Experimentally determined parameters

4.05 2.35

Ab initio calculations of anisotropy parameters in ORCA package yields:


