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Antiferromagnetic Single-Chain Magnet slow relaxation in the 
polymer {Ln(α-fur)3}n with Ln=Tb(III) non-Kramers ion 

 

E.Bartoloméa , J. Bartoloméb , A. Arauzob,c, J. Luzónd, L. Badíab, R. Casesb, F. Luisb , S. Melnice, D. 

Prodiuse, S. Shovaf and C. Turtae+ 

 

We report the synthesis, crystal structure and magnetic properties of a new molecular complex based on a Tb ion, 

supported by 2-furancarboxylic molecules: {Tb(α-fur)3(H2O)3}n (α-fur= C4H3OCOO).  Two slightly different Tb sites (A and B), 

exist depending on the position of one of the dangling ligands. Ab initio calculations predict  that, for both sites, the 

magnetic ground state is highly anisotropic (gz*=17.8) and consists of a quasi-doublet with a small gap, well separated 

from the next excited state.  The -fur ligand forms 1D polimeric chains of Tb ions of the same type (either A or B) running 

along the c-axis. The crystal structure is formed by the supramolecular stacking along the a-axis of 2D layers containing 

parallel chains of the same type. Static magnetization and heat capacity measurements show that, magnetically,  the 

system can be modeled as an ensemble of  Ising chains of non-Kramers Tb ions with effective spin S*=1/2, 

antiferromagnetically (AF) coupled by a weak intrachain interaction (J*/kB =-0.135 K). At very low temperatures, the static 

susceptibility reflects the presence of a 2-4% concentration of defects in the chains. Ac susceptibility measurements in H=0 

performed down to mK temperatures have enabled us to observe slow relaxation of the magnetization through two 

different pathways. They are assigned to Single-Chain-Magnet (SCM) behavior in the two different types of AF chains (A 

and B), triggered by the existence of defects breaking the chains in segments with short-range order. At temperatures 

below 0.1 K this mechanism is replaced by individual relaxation of the ions through direct processes. Under the application 

of a magnetic field the system slowly relaxes by two distinct direct processes, strongly afected by a phonon bottleneck 

effect.    

Introduction 

The field of molecule-based multifunctional materials has quickly 

advanced in recent years. Low-dimensional magnetic systems, such 

as single-ion magnets (SIMs)1, single-molecule magnets (SMMs)2 

and single-chain magnets (SCMs)3–5 are being thoroughly 

investigated, due to their fundamental interest and potential 

application in information storage, quantum computing, switching, 

magneto-optics etc6.  

The slow-relaxation dynamics of such complexes is caused by 

the existence of an energy barrier between two stable states. While 

the barrier height for the reversal of the magnetization in SIMs and 

SMMs depends mainly on their spin ground-state and magnetic 

anisotropy, in SCMs it is additionally affected by intrachain 

interactions between the constituent magnetic entities and by the 

presence of defects. Sufficiently large interchain interactions at low 

temperatures can even produce 3D long-range ordering, not 

necessarily suppressing the SCM dynamics7,8. Moreover, for certain 

complexes, slow relaxation towards equilibrium is replaced at 

adequate fields and temperatures by fast relaxation through 

quantum tunnelling. 

One-dimensional (1D) lanthanide-based complexes represent 

an ideal playground to study how slow dynamics and tunnelling 

depend on the type of ion and its coordination sphere, the relative 

importance of the ion’s anisotropy vs. exchange, and the nature, 

sign and intensity of intrachain / interchain competing interactions. 

Thus, our recent research has been focused on the investigation of 

relaxation processes in lanthanide (III) polymeric furoates by means 



     

     

of very low temperature ac susceptibility experiments. On one 

hand, owing to their especial electronic properties, trivalent 

lanthanides are especially well suited for building slow relaxing 

systems. On the other hand, the -fur=C4H3OCOO ligand, acting in 

bridging mode, is efficient in consolidating stable 1D chains 

containing rare earths9. We have recently reported the synthesis 

and characterization of {Ln(-fur)3}n, with Ln=Dy10 and Nd11, and 

heteronuclear {[Dy2Sr(-fur)8(H2O)4]}n·2H2O12 and {Dy2Ba(-

fur)8}n
13. So far, all the studied complexes were based on Kramers 

ions (Ln=Dy, Nd), i.e. with odd number of electrons at the 4f 

orbitals.  In this work we expand our efforts to complexes based on 

a non-Kramers ion (i.e. with an even number of electrons at the 4f 

orbitals) like Tb, since time parity has a bearing on the relaxation 

processes, for example on tunnelling. 

Tb(III) has been one of the preferred lanthanides for the 

synthesis of SIMs1,14–16,  SMMs17–20 or SCMs8,21,22 because its large 

intrinsic magnetic anisotropy favors slow relaxation of the 

magnetization23. Interestingly, Tb(III) complexes may be also used 

as luminescent agents, provided the Tb cation can be efficiently 

sensitized by an attached Ln’-ligand “antenna”24. Most of the 

reported slow relaxing Tb chains present 1D Ising character and 

dominant intrachain ferromagnetic interactions25; in some cases 3D 

long-range ordering is reached thanks to antiferromagnetic (AF) 

interchain coupling8,26. Recently, some hints of slow relaxation were 

found at very low temperatures in a [Tb(hfac)3(NIT2-PyOCH3)] 

complex with AF intrachain coupling27.  

In this paper we report the synthesis and magneto-structural 

characterization of a new 1D -furoate compound, {Tb(-fur)3}n. Ac 

measurements performed down to mK temperatures have allowed 

us to unveil slow relaxation of the magnetization in the absence of 

magnetic field in this complex. This is to our knowledge, the first 

example of a transverse Ising AF chain constituted by non-Kramers 

ions displaying slow relaxation dynamics.  

 Synthesis and structural characterization 

The complex was synthesized by using the furoic acid as 

polydentate O-donor carboxylic acid in aqueous media. 

Reaction between a mixed Tb(III)/Sr(II) complex and the 

lanthanide sulfate leads to the formation of the homonuclear 

complex {Tb(-fur)3(H2O)3}n. The starting  {[Tb2Sr(-

fur)8(H2O)4]}n·2H2O complex was obtained according to the 

synthetic protocol reported in our previous work12. 

Crystallographic measurements for {Tb(-fur)3(H2O)3}n were 

performed on an Oxford-Diffraction XCALIBUR E CCD diffractometer 

using Mo K radiation selected by a graphite monochromator. The 

single crystal was positioned at 40 mm from the detector and 222 

frames were measured each for 8 and 10 s over 1° scan width. The 

unit cell determination and data integration were carried out using 

the Oxford Diffraction CrysAlis package28. The structure was solved 

by direct methods using Olex229 software with the SHELXS structure 

solution program and refined by full-matrix least-squares on F² with 

SHELXL-9730. 

Table 1. Crystallographic data, details of data collection and 

structure refinement parameters for {Tb(α-fur)3}. 

 
 
 

{Tb(-fur)3} 
CCDC-1438518 

Empirical formula C15H15O12Tb 
Formula weight 546.19 
Temperature/K 293 
Crystal system monoclinic 
Space group C2/c 
a/Å 22.1451(8) 
b/Å 16.0302(6) 
c/Å 10.2110(4) 
α/° 90.00 
β/° 100.040(4) 
γ/° 90.00 
V/Å3 3569.3(2) 
Z 8 
Dcalc/mg/mm3 2.033 

/mm-1 4.028 

Crystal size/mm3 0.50 × 0.20 × 0.20 

θmin,  θ max() 3.16 to 50.04 
Reflections collected 6723 
Independent reflections 3144 [Rint = 0.0439] 
Data/restraints/parameters 3144/108/235 
GOFc 1.073 

R1
a(I2(I) 0.0396 

wR2
b(all data) 0.0989 

Largest diff. peak/hole/e Å-3 0.85/-0.84 
a R1 = Fo - Fc/Fo, b wR2 = {[w (Fo

2 - Fc
2)2] /[w(Fo

2)2 ]}1/2.  
c GOF = {[w(Fo

2 - Fc
2)2] /(n – p)}1/2, , where n is the number of reflections 

and p is the total number of parameters refined  
 

 

 

Table 2. Selected bond distances for {Tb(α-fur)3}. 

 

 Distance ( Å) 

Tb1-O1 2.307(4) 

Tb1-O1w 2.399(5) 

Tb1-O21 2.329(4) 

Tb1-O2w 2.542(4) 

Tb1-O3w 2.464(13) 

Tb1-O4w 2.506(16) 

Tb1-O4 2.295(4) 

Tb1-O52 2.358(5) 

Tb1-O7x 2.372(14) 

Tb1-O7 2.395(13) 

O1-C1 1.244(6) 

O2-C1 1.244(6) 

O3-C2 1.375(6) 

O3-C5 1.370(6) 

O4-C6 1.242(6) 

O5-C6 1.247(6) 

O6-C7 1.380(6) 

O6-C10 1.365(6) 

O8-C11 1.284(15) 

Symmetry codes: (1) -3/2-X, -3/2- Y, -2-Z;  
(2) -3/2 -X, -3/2 -Y, -1 -Z 









     

     

moment wave functions with respect to the quantization axis, 

defined by the principal axis of the g* tensor: 

, ,


  J

J
i

i J M J

M J

C J M .   

 Typically, the ground state singlet 
0 and the first excited 

one
1 are separated by an energy E1≡ (a few K or less) much 

smaller than the energy E2 of the next state 
2 (hundreds of 

K). Thus, at sufficiently low temperatures kBT<<E2 we only 

need to consider the two lowest states (quasi-doublet). The 

single ion LF Hamiltonian can be expressed in this subspace as:  

 

 *
00

ˆ
01LFH
 

  
 

, [1] 

 

where the asterisk indicates the projection on the two lowest 

states. In the case of ions with an even number of unpaired 

electrons, such as Tb(III), it has been shown33 that when the 

excited states above the quasi-doublet are at much higher 

energy, thus avoiding the mixing of states, the ground state 

has uniaxial anisotropy. This result is actually obtained in our 

ab initio calculations with gz*≠0, gx*=gy*=0, with z nearly 

perpendicular to the c crystallographic direction (see Table S5) 

 For H=0, the restricted basis
0  and 

1  diagonalizes the 

LF Hamiltonian, but a basis transformation that diagonalizes 

the Zeeman splitting under an intense applied magnetic field is 

convenient: 

 

 0 1

1
( )

2
    and 0 1

1
( )

2
    ,  [2] 

 

that maximizes the ẑJ   eigenvalues: 

 

  6zĴ  and  6zĴ . [3] 

 

These two functions span a restricted subspace of the 

complete basis set that can be projected onto a fictitious basis 

states S*=1/2: 

 

 2121 /,/  and 2121 /,/  . [4] 

 

The effective spin Hamiltonian, including the ligand field and 

Zeeman splitting becomes: 

 

 * * * * * *ˆ ˆˆ ˆ ˆ ,LF zz z B zH H H S g HS     [5] 

 

acting on the effective base * *, 1 / 2, 1/ 2zS S   ; here  

Jgg J
*
z 2 . The EAM is nearly perpendicular to the 

crystallographic c-axis (see Fig. 3). Besides, there are two Tb 

sites with slightly different energy gaps, A and B, but in each 

chain all Tb are of the same type. Thus the LF Hamiltonian for 

each chain would be:  

 

 * *
( , ) , ,

1

ˆˆ ,
N

LF A B A B i
i

H S 



   [6] 

 

where i runs along the chain sites.   

XRD combined with ab initio calculations indicate that 

there are two types of chains, A and B, in which the magnetic 

moments are parallel (or antiparallel) to the EAM of the Tb ion, 

and nearly perpendicular to the chain c-direction (Fig. 3). Since 

along the chain there are two different Tb-Tb distances (Fig. 

2a), in principle we consider two different intrachain 

interaction constants. The magnetic model system can be 

described as made of dimers with intradimer exchange J’, 

interacting with adjacent dimers along the chain with J’’. An 

Ising interaction can be used because of the strongly 

anisotropic character of the Tb moments, whose moments are 

nearly aligned along the a crystallographic axis. Therefore, the 

magnetic chain formed by dimers with Ising S*=1/2 spins 

fulfills the Alternating Bond Chain (ABC) model. 

However, when J*=J'=J'' the ABC model becomes the Ising 

chain with identical intrachain exchange constants. This case is 

applicable to the present {Tb(-fur)3} compound since the 

intracahin Tb-Tb distances are nearly identical. Thus, we apply 

the Ising Hamiltonian for S*=1/2 Ising interaction:  

   

 ,)1,(2ˆ *
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   [7] 

and:  

 

 * * *
, ,

1

ˆ cos ,
N

z B i z i z
i

H g S H 


  [8] 

 

is the Zeeman term for a constant magnetic field applied at an 

angle  with respect to the atomic anisotropy axis.  

 Thus, the chain Hamiltonian under a field is finally given by: 

 

 * * * * * *ˆ ˆ ˆ ˆ ˆ ˆ
chain LF ABC z TIC zH H H H H H     , [9] 

 

where *ˆ
TICH corresponds to the so called transverse Ising chain 

model (TIC) with S*=1/2.  

The static magnetic susceptibility of the TIC model has not 

been solved yet, to our knowledge. However, it has been 

shown that the longitudinal susceptibility of an S*=1/2 Ising 

chain in the presence of a LF anisotropy does not depend on 

the anisotropy constant35. Therefore, we obtain an excellent fit 

of the susceptibility at H=0, f=0.3 Hz (nearly static 

susceptibility limit), with the ABC model expression: 

 

 
 

*2 2

2 2exp * /
z A z B
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B B

N g

k T J k T
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for one Tb ion per formula unit. The possible effect of the 

interchain interactions, 3 3z J , is considered under the mean-

field approximation: 

 

3 2
3 3
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D

zz
ABC

A z B

z J S

N g











 [11] 

 

and for measurements performed on a powder:   

   

 3 / 3z
powder D  . [12] 

 

Note that, since the coupling is AF in this case (vide infra), no 

correction for demagnetization factors is needed.  

At very low temperatures, T<0.1 K, an upturn in the 

susceptibility is observed associated to the inevitable presence 

of defects in the chain, breaking it in segments of finite length. 

Segments containing an odd number of spins contribute as 

one spin to the parallel susceptibility; for a concentration of 

defects c, such that the number of segments with odd number 

of spins is c/2, the added parallel susceptibility is then3,4: 

 

 
T

Cc

2//
 ,   [13] 

 

where C is the Curie constant. 

We have also calculated the equilibrium heat capacity (HC) for 

our non-Kramers chain. The expression for the HC under the ABC 

model was explicitly given in Ref.13 (note amenda in Eq. 6 therein). 

When the LF is additionally considered in the Hamiltonian, as in Eq. 

[9], the HC (under H=0) can be deduced from the expressions for 

the free energy previously given for a  transverse Ising chain36, 

yielding the expression: 
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 , [14] 

 

per one Tb atom per formula unit, where 

* 2 * 2( /2) /2cos ( /2)J J q      . 

 At very low temperatures and under a strong magnetic 

field we notice that the HC exhibits an increase for decreasing 

temperature (vide infra) that can be only explained as caused 

by the hyperfine contribution. Then it is considered that Tb(III) 

has a nuclear spin of I=3/2, in natural abundance of 100%, 

yielding (2I+1)=4 substates 3 / 2, 1/ 2,1/ 2,3 / 2IM     The 

strong hyperfine interaction between the nuclear spin I and 

J=6 adds a contribution to the Hamiltonian:  

 

 2 1ˆ ( 1) ,
3

hyp dip quad zH A I J P I I I
 

     
 

                            [15] 

where the first two terms are caused, respectively, by the 

nuclear dipole and quadrupole interactions; at H≠0, an 

additional nuclear Zeeman term appears: 

 

 IHgH N

N

i

NIZ
ˆˆ

,
                      [16] 

 

 In summary, the states of the Tb(III) ion within the complex 

can be described by the total wave functions 

, ,ij J IJ M I M  , combining the electronic and nuclear wave 

functions. At high fields, such that the electronic splitting can 

be expected to be small (≈1 K) with respect to the Zeeman 

splitting, and considering negligible the quadrupole term, the 

hyperfine terms Eq. 15 and 16 have to be added to Eq. 9:  

 

 * * *
hyp ,

ˆ ˆ ˆ ˆ ˆ
ABC z z IH H H H H     [17] 

 

where gz*≈18, gN=1.342, acting on the combined, effective wave 

functions  * * * *, , ;   1/ 2  ij z I zS S I M S   . 

 

Dynamic properties of AF non-Kramers Tb(III) chain  

The relaxation behavior of the one-dimensional system as 

collective SCM or as an ensemble of decoupled SIMs will 

depend on the relative intensity of intrachain coupling vs. local 

anisotropy. In addition, the presence of defects is determinant 

in enabling SCM behavior in AF chains, but at the same time 

limits the possibility of the system to reach 1D long-range 

ordering at T=04. We discuss in the following subsections the 

theoretical treatment of, first, the dynamic relaxation of 

individual non-Kramers ions, and second, defect-mediated 

SCM slow relaxation in AF chains of non-Kramers ions.  

Relaxation of non-Kramers ions  

Slow relaxation of the individual Tb ions can in principle occur 

via a direct, Raman or Orbach processes. The direct process 

involves the de-excitation of the electronic state 1  to the 

0  ground singlet emitting a single phonon that is absorbed 

by a lattice vibrational mode. Its temperature dependence is 

given by the expression for a non-Kramers ion with ZFS energy 

37: 

  

  TkBd /tanh0  , [18] 

 

For the Raman process, the temperature dependence of the 

relaxation time is approximately given by a power law:  

 

 -7BTR ,  [19] 

 



     

     

while for a two phonon Orbach process involving thermal 

excitation to a third intermediate electronic state with energy 

Ea it becomes exponential: 

 

  T/expC BaOr kE . [20] 

 

For a non-Kramers ion, slow relaxation through direct 

processes within the ground state quasi-doublet has a high 

probability, whereas Orbach processes will be precluded if the 

first excited state is well separated from the quasi-doublet, as 

it is in fact our case.  

 

Tunnelling. Relaxation of the individual ions can alternatively 

occur through fast, tunnelling processes. In the case of 

Kramers ions, pure quantum tunnelling between the 

degenerate doublet ground state is forbidden, unless an 

external perturbation, dip , caused by dipolar, hyperfine or 

external field allow it. For non-Kramers ions, by contrast, the 

ZFS energy gap between the quasi-doublet plays the role of a 

bias field, that may fall within the threshold of 

tdipbias  for tunnelling to take place. Here dip

encompasses perturbations due to dipolar, exchange and 

hyperfine interactions, while t contains the effects of 

transversal magnetic fields. Under these conditions the 

prediction for the tunnelling rate through the lowest two 

states is: 

 

 
 dipP 


2
t

t


.  [21] 

 

The Tb nuclear moment I=3/2 coupled to the electronic states 

yields an important effect to the bias field and may enhance 

the tunnelling probability. 

 Thermally activated quantum tunnelling (TAQT) has the 

same temperature dependence as an Orbach process (Eq. 20), 

provided there exist excited degenerate electronic levels. In 

our complex, none of these processes were observed.  

  

Defect-mediated SCM behaviour in AF chains  

Prototypical ferromagnetic Ising chains show slow spin-lattice 

relaxation when narrow domain walls move along the chain,  

according to Glauber’s model38. Though much less common, 

collective slow relaxation can also occur in AF chains, allowed 

either by AF canting of spins3 or by the inevitable existence of 

defects, breaking the chain in segments with odd and even 

number of ions.  

In a 1D system, critical slowing of the magnetization occurs 

as the temperature approaches long range ordering 

(correlation length   ) at T=0. SCM occurs due to the 

presence of short range order at finite temperatures in the 

neighbourhood of this order transition. Slow relaxation in 

chains of AF coupled spins relies on the relaxation of the 

staggered magnetization.  

In the infinite chain regime (i.e, when the size of magnetic 

domains separated by two domain walls is smaller than the 

distance between defects, 2 L  ), the relaxation time in the 

reciprocal space is given by the expression:  

 

 0( ) exp (2 ') /
2

i
Bq k T


    , [22] 

 

with aqo / . Here a is the crystallographic distance 

between magnetic ions, and i describes the intrinsic dynamics 

of the spin in contact with the thermal bath; * *24 zJ S   is 

the energy of a domain wall and '  the ion’s anisotropy 

energy. This dynamics can be only determined by NMR or 

neutron diffraction experiments, sensing the reciprocal space.   

 Remarkably, the dynamics of finite chain AF coupled spins 

can be directly observed by ac susceptibility measurements. 

This is because the reversal of the staggered magnetization of 

chain segments containing an odd number of spins results in a 

net magnetic moment flip between + and –the moment of 

just one ion). 

Thus, in the finite size regime (when 2 L  ), the relaxation 

time is expected to follow an Orbach temperature 

dependence:  

 

  TkE BSCMSCMSCM /exp,0 ,      [23] 

 

with activation energy:  

 

 ' SCME ,  [24] 

 

where in the non-Kramers case '  equals the zero-field 

splitting (ZFS) gap  between the quasi-doublet states. In the 

particular case of our {Tb(-fur)3} complex, two different 

activation energies are expected, since there are two different 

types of chains, with Tb(III) A and B (Fig. 3) .  

 

Phonon bottleneck effects 

The phonon-bottleneck effect (BE) is known to be an 

important factor affecting the observed relaxation times for 

spin reversal at very low temperatures. It takes place when the 

energy of the lattice modes generated by the relaxing spins is 

not released into the thermal bath sufficiently fast. BE affects 

differently the various relaxation mechanisms.   

Direct processes can be severely affected by BE. Based on 

thermodynamic arguments it is found that the observed spin 

bath relaxation time ( ,d BE ) depends on the ratio between the 

magnetic heat capacity at the experimental field H (CH) and the 

heat capacity contribution of the resonant lattice mode 

absorbing the phonon emitted by the spin system (CL)39:  











     

     

32.89; H, 2.79; IR (cm-1): 3120b, 1583sh, 1570b, 1471s, 1413s, 

1399b, 1230m, 1199s, 1136m, 1074m, 1013m, 932m, 883m, 785b, 

755b. 

Discussion and Conclusions 

The magneto-structural study performed on the new synthesized 

{Tb(-fur)3} complex allows to draw the following conclusions: 

X ray diffraction evidences that there are two different sites 

Tb(A) and Tb(B) that can be distinguished by their different 

coordination caused by the interchange between a water molecule 

and a dangling ligand. 1D chains of Tb – Tb dimers, connected by 

carboxylate ligands along the c-axis are formed. Chains contain 

either only Tb(A) or Tb(B) sites. The crystal structure is formed by 

random stacking along the a-axis of 2D supramolecular layers, 

containing each the same type of chains.  

The ab initio calculations predict that Tb ion has two different 

magnetic states for Tb(A) and Tb(B). The ground state is highly 

anisotropic with the moment oriented approximately perpendicular 

to the c-axis. The gyromagnetic factor for this ion gz*=18.0(1), 

determined from magnetization measurements is in excellent 

agreement with the calculated result gz*=17.8. The low energy 

quasi-doublet is actually constituted by two singlets separated by a 

small energy difference, as expected for a non-Kramers ion such as 

Tb, with even number of electrons at the 4f orbital. The calculated 

energy difference from the quasi-doublet to the next excited states 

is consistent with the experimental LN emission spectrum, 185.9 K 

and 168.8 K for Tb(A) and Tb(B), respectively. 

The static magnetic properties of the {Tb(-fur)3} compound 

can be described in terms of the ABC Ising S*=1/2 model. The Ising 

character is imposed by the strong anisotropy of the ground state. 

The intradimer and interdimer interactions can be considered to be 

identical, in view of the very small difference in Tb-Tb distances; 

thus, the complex behaves magnetically as an AF Ising chain with 

intrachain coupling J*/kB=-0.135 K. Though formally the fictitious 

S*=1/2 model for the non-Kramers Tb(III) chain is actually the 

transverse Ising chain (TIC), the ground quasi-doublet ZFS effects 

could not be detected in the static properties measured in this 

work. At very low temperatures, the presence of a non-zero 

susceptibility reveals the presence of defects in the chains, in 

estimated concentration ~2-4%.  

Slow relaxation dynamics observed at very low temperatures, 

0.1<T<1K, under H=0 can be in fact explained by defect-mediated 

SCM behavior occurring in the two different types of AF chains 

present in the compound. The mechanism allowing SCM is the 

segmentation of the chains by defects in pieces containing an odd 

number of spins. The two SCM processes are Orbach-type with  

energies, EOr,A/kB=1.0(1) K, EOr,B/kB=2.0(3) K. The activation energy 

stems from two terms, SCME   : in the two chains  ≈0.135K 

is identical, while the  values are different, and experimentally 

determined to be 0.8(8) K (A) and 1.8(9) K (B). These values are 

compatible with ab initio predictions, within the calculation error. 

By decreasing the temperature, there is a slowing down of the 

relaxation time due to the increase of the correlation length, but 

long-range ordering is precluded by the presence of defects. At very 

low temperatures, T<0.1 K, SCM behavior is replaced by SIM slow 

relaxation via direct processes between the quasi-doublet states. At 

H ≠ 0 two slower relaxation processes set on even at higher 

temperatures, which are assigned to direct processes, affected by 

severe phonon bottleneck effects. 

It is interesting to compare the relaxation behavior of the 

present complex {Tb(-fur)3} (1) with that of  the previously 

reported, structurally similar complex {Dy(-fur)3}n (2) based on a 

Kramers ion. In both cases, the structure is formed by stacking of 2D 

layers containing either Ln(A) or Ln(B) types of chains. The two 

different sites A and B in compounds (1) and (2) play an essential 

role in the magnetic properties, albeit in a different way. In complex 

(1) spins are perpendicular to the chain and AF coupled, while in 

complex (2) spins were slightly canted with respect to the c-chain 

direction, there was ferromagnetic intrachain coupling and AF 

interchain coupling. Slow relaxation occurred at H=0 via SIM 

Thermally Activated Quantum Tunnelling (TAQT) in the two 

different types of Dy sites, mediated by the excited energy level. In 

contrast, thermally activated SIM processes are not observed in 

complex (1). Actually, according to our ab initio calculations E2-E1/kB 

≈ 180 K so, if one assumes a similar 0 = 10-9 s, as found in complex 

(2), such processes fall beyond our detection frequency window; 

moreover, the occupation probability of the second excited level in 

the studied temperature region, poccu(T=3 K)=10-10, is too small for 

the this type of process to occur.  

By decreasing the temperature, slow relaxation via TAQT in (2) 

was replaced by quantum tunnelling (TQM), enabled in the Kramers 

compound by perturbations splitting the ground state doublet. In 

the present complex (1) no tunnelling process is detected; in spite 

that non-Kramers ions favor tunnelling through the ground level, 

the ZFS between the two ground levels is too large to allow QTM 

and, besides, it enhances the rate of direct processes.  

By further decreasing temperature, 3D long-range ordering was 

established in complex (2), enabled by sufficiently large AF dipolar 

interchain interactions. In contrast, in complex (1), short range 

ordering enables SCM behavior, but as T is decreased and the 

correlation length increases SCM is no longer sustained (it becomes 

blocked), and slow relaxation proceeds by individual ion relaxation 

through direct process.  

Under H≠0 very slow relaxation through direct processes 

affected by BE were measured in (2), like in complex (1), but in that 

case Orbach processes through excited states were also available. It 

is clear from the comparison of the two complexes that the nature 

of the lanthanide (Kramers or not) brings along drastic changes in 

the overall relaxation behavior.      

  Finally, we emphasize that unless very low temperature 

measurements had been done, {Tb(-fur)3} complex would have 

been classified as a “field-induced slow relaxation” type. Only at 

very low temperatures the intrinsic SCM relaxation at H=0 was 

unveiled. This is a call of attention to many wrong results reported 

in the literature. The present work demonstrates that very weak 

interactions can play a central role in determining the dynamical 

behavior of magnetic systems. 
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