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e Few-body vs. Many-body spin systems
e Non-conserving magnetization

— S=1/2 spin dimer
— S5=1-1/2 mixed spin dimer

— S=1/2 spin trimer (triangle)
e Coordination polymer [{(CuL);Dy}{Mo(CN)g}]-2CH3CN - H20

— The model and parameters from the experimental data and fitting.
— Exact solution
— Eigenstates and magnetization

— Quasi-plateaun




e negative g-factros

— "fire-and-ice” ground states, Ising chain

— "fire-and-ice” ground states, Ising diamond chain
e [sing-Heisenberg diamond chain with different g-factors

— eigenvalues and eigenstates
— phase diagrams

— "fire-and-ice” ground states
e XX-chain with the staggered g-factros

— diagonalization of the Hamiltonian
— g-factors with different signs

— effect of staggered and negative g-factors on the dynamical structure factros




FEW-BODY VS. MANY-BODY SPIN SYSTEMS
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| Magnetization curve of the spin-1/2 kagome Heisenberg
antiferromagnet in a uniform magnetic field. The saturation value of the

magnetization density per site is M /N =1/2. The inset shows the
geometry of the kagome lattice. The shaded hexagon is the original lattice
unit cell including three sites () = 3). Data points are obtained by the grand
canonical analysis on a hexagonal cluster with N =114 and 132, which
directly gives the curve of the thermodynamic limit without any size scaling.
The range of each plateau is highlighted.

(a) (b) 5 S
Molecular structure of [Niya(ps-OH)4(HCO3)e(0sPR)4(02CBuU)e (HOLCtBU)s]
(R = p-tert-Butylphenyl) in the crystal (a) and its theoretical model (b).

S. Nishimori, N. Shibata, C. Hotta, Nature Comm. 4, 2287 (2013)




‘ MAGNETIZATION IN VARIOUS SYSTEMSl

SPIN CLUSTERS. MOLECULAR MAGNETS
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NON-CONSERVING MAGNETIZATION
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‘ NON-CONSERVING MAGNETIZATION I
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The zero-temperature magnetization
curves for the S = 1/2 dimer with g, =2, g, =6,/ =1, D, =1,
A =2, and y =0 (red, solid); y = 1 (black, dotted); y = 2 (blue,
dashed); and y = 4 (orange. dot-dashed). M, = %(g| + g =4

The energy spectrum of the isolated § =
1/2 dimerwith g, =2, 5. =3, J=1,D,=1,y=2,and A=3
displaying level crossing. The two bottom curves correspond to &;
and &£4. The nonlinearity in B on the energy levels is the main reason
for the nonplateau magnetization.




| NON-CONSERVING MAGNETIZATION I
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Thus, the jump to the saturated magnetization takes place for
¥y = 0 at this value of the magnetic field. The magnitude of
the jump depends on the difference of the Landé g factors and
is given by
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FIG. 3. (Color online) The normalized zero-temperature magne-
tization curves M/M_, of the § = 1/2 dimer with two different
g factors in case of 1sotropic exchange interaction, ¥ = 0and A = 1.
Here. for the sake of simplicity, we put J = 1,0, =0,g, = 2 and
present the curves for the different values of g.. From the bottom to
top g2 = 2 (red); 4 (green); 6 (blue); 8 (magenta); 10 (orange); and
20 (black). M,,, = %{gl + g.).
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Zero-temperature normalized magnetiza-
tion curves of the mixed spin-(1/2.1) dimer by assuming the isotropic
Heisenberg coupling A = 1, several values of the uniaxial single-ion
amsotropy, and the Landé g factors g, =6 and g, =2. M, =
E'fg 1+ 2g0).
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The zero-temperature normalized magne-

tization curves for the Heisenberg spin trimer with two different Landé
glactorsfor J =1, A=2,g, =2, and g; = 2 (red, sohd); g; = 4
(black. dashed); g- = 6 (blue, dot-dashed); and g, = 10 (orange,
dashed). M, = 5(g, + 222).




COORDINATION POLYMER [{(CuL);Dy}{Mo(CN)}] - 2CH3CN - H,0
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COORDINATION POLYMER [{(CuL);Dy}{Mo(CN)s}] - 2CH3CN - H,0

The magnetic structure of the single-chain magnet with
Ising and Heisenberg bonds [DyCuMoCu]... The dashed lines
denote Ising couplings while the solid lines correspond to the
isotropic Heisenberg interactions. Spins S, 1 and S, 3 corre-
spond to Cu®* ions with S = 1/2 and isotropic (see footnote ')
g = 2.16, S, is the spin of the S = 1/2 Mo”" ion with
g = 1.97, the o-spins correspond to the highly anisotropic Dy**
ions with g, = 19.6 and g. = g,=0.
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block Hamiltonian
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COORDINATION POLYMER [{(CuL);Dy}{Mo(CN)s}] - 2CH3CN - H,0
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COORDINATION POLYMER [{(CuL);Dy}{Mo(CN)s}] - 2CH3CN - H,0
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The plots of the magnetization processed
T = 0.00001 K for the model of a single-crystal [DyCuMoCu] .,
(solid red line) and powder sample (dashed blue line). The
inset shows weak still monotonous growth of the magnetiza-
tion at the broad quasi-plateau between B, = 0.64093 T with
M/pp =~ 10.9325 and By = 6.26021 T with M /up ~ 10.9350.




COORDINATION POLYMER [{(CuL);Dy}{Mo(CN)s}] - 2CH3CN - H,0
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Fig. 3: (Color online) Powder magnetization of [DyCuMoCu].
at T' = 2 K obtained by the angle integration of the theoretical
curve (red solid line) and experimental points (see refs. [1,2]).




COORDINATION POLYMER [{(CuL);Dy}{Mo(CN)s}] - 2CH3CN - H,0
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Low-temperature magnetization curves

for the isolated spin-(1/2) trimer with the structure of Cu-Mo-
Cu part of the [DyCuMoCu]... The solid red line corresponds
toJi =Ja =1, g1 =1, g2 = 5; the dashed blue line corre-
gponds to h =Ja =1, n =3, g2 = 1; T = 0.00001 K.




NEGATIVE G-FACTORS
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ISING CHAIN WITH STAGGERED g-FACTORS WITH gags <0




FM AND AM INTERACTION, FRUSTRATION, GEOMETRY OF BONDS
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FIG. 1. (a) Frustraled spins on Lriasgular laitice with AF
interactions. (h) Unfrustrated spins for FM interactions. (c]
Frustrated spins on honeyeomb lattice with FM interactions
whose anisotropic axes are bond dependent [12, 13]. (d) Spins
in a chain with uniform FM interactions and aliernating g-
factors [—gs > ga > 0) are found frustrated. (e) A cartoon
illustration of the ‘half-fire, half-ice’ critical point at which

the spins on onc sublattice are fully disordored and on the
other are fully ordered.




ISING CHAIN WITH STAGGERED g-FACTORS WITH gagr <0
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ISING DIAMOND CHAIN WITH INHOMOGENEOUS ¢-FACTORS
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ISING DIAMOND CHAIN WITH INHOMOGENEOUS ¢g-FACTORS

Thus, having ¢ spins with negative g-factors in the p-spin magnetic unit cell can lead to the interface with
either ¢ disordered spins or p — ¢ disordered spins in the unit cell depending on the relation between total negative
and positive g-factors.

e one frustrated spin (1/6-fire-5/6-ice) g3 < 0, |g3| <2(g1 + g2) + 94, Be = i_’:

e two frustrated spins (1/3-fire-2/3-ice) g3 <0, g4 <0, |93+ 94| <2(g1 +g2), B.= —&

93+9a4
2| K
— g3+ 94| > 2(g1 + g2), Bc= gjlrglg
-A>0, A>|K|, B.=*%44
e three frustrated spins (1/2-fire-1/2-ice) g1 <0, g3 <0, 291 + g3| > 292+ g1, B. = ﬁ

e four frustrated spins (2/3-fire-1/3-ice) g3 <0, g4 <0, |93+ 94| > 2(g91 + 92), B. = ﬁl'TKg'?

e five frustrated spins (1/6-fire-5/6-ice) g3 <0, [g3| > 2(g1 + 92) + 94, Be = _.f(';flﬂz)
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Figure 3: Zero temperature phase diagrams for the Ising-
Heisenberg diamond chain at fixed J = 1 and v = 0.5. (a)
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Figure 4: Zero temperature magnetization (magnetic suscep-
tibility) as a function of magnetic field B for J=1, K = -1
and v = 0.5. Left panel, (a)and (¢), 1 = 2,92 =12, gz = =3
and g4 = —3; roght panel, (b) and (d), For g1 = 2, g2 = 2,
gz = =3 and gu = —4.




Dynamic properties of g, — g, XY chain
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V. CONCLUSION

e Non-conserving magnetization alters the magneto-thermal properties of magnetic system quite seriously
e Different g-factors — simplest way to get the non-conserving magnetization
e For finite spin system it leads to:

— non-linear magnetic field dependence of the energy levels
— non-constant magnetization within one eigenstate

— non-plateau form of the magnetization curve, which mimics the magnetization curve for many-body systems
with the bands of magnetic excitations

e the g-factors of different signs within one systems can lead to the novel frustration for ferromagnetic systems

e many interfaces with various ordered and disordered sublattices are possible for the Ising models with g-factors
of different signs

e for the XX-chain staggered g-factors lead to novel T' = 0 behavior of magnetization and susceptibility

o Ahe dynamical structure factors are also affected by the difference of g-factros




Thank you for attention !
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