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M+(Crown Ether) Supramolecular Cations 
(M+= K+, Rb', NH4+) for Controlling Magnetic 

Properties of Monovalent [Ni(dmit)2]' Salts 
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TAMOTSU INABEb, WATARU FUJITAe and KUNIO AWAGAe 

'Graduate School of Environmentul Eurth Science, , bGruduute School of Arts 
und Science, The University of Tokyo, Meguro 153-8902, Hokkaido University, 
Sapporo 060-0810, 'Research Institute for Electronic Science, Hokkaido Uni- 
versity, Sapporo 060-0812, dDepurtment qf Chemistry, Faculty of Science, 

ePRESTO, Japan Science and Technology Coyoration (JST), 

Supramolecular cations (SC+) of K', Rh+, or N H 4 ' p w n  ether) were incorporated into the 
monovalent [Ni(drnit)z]- salts. The K+ and Rb (DA18-crown-6) units had a planar 
disk-shaped SC' structure, while the [NH4+(1S-crown-S)2]2 was the barrel type SC' struc- 
ture. The [Ni(dmit)z]- arrangement and magnetic properties of these salts depended on the 
coordination properties in the cation structures. 

I" 

Anion radical salts of Ni(dmit)z (dmit = 2-thioxo-l,3-dithiol-4,5- 
dithiolate) have been extensively studied from the viewpoint of 
molecular superconductors and metals. ' Highly electrically 
conducting Ni(dmit)z salts are composed of the partially oxidized 
[Ni(drnit)z]' anion (6 < 1)  and closed-shell counter cation.' On the 
other hand, the crystal structures of monovalent Ir\li(dmit)J' (6 = 1) 
salts have not been examined extensively due to the insulating electrical 
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1: K'(DA18-crown-6) 
2: Rb'(DAl8-crown-6) 
3: NH:( 15-cr0wn-5)~ 

behavior. The monovalent pi(dmit)J has a S = 1/2 spin, which has a 
potential for constructing molecular magnets. Through the crystal 
engineering of monovalent fNi(dmit)2]- salts to regulate the 7c--TI 

stacking arrangements in addition to the side by side intermolecular 
sulfur - sulfur contacts within the crystal, the ferromagnetic interaction 
and spin-ladder system have been already reported for the [Ni(dmit)2]' 
anion ~ys tem.~"  

The supramolecular cation (SC') structures have a structural 
diversity according to the size and shape of host and guest  specie^.^ 
For example, crown ethers can include a variety of cation within the 
cavity. According to the size of cavity and cation, a large number of 
SC' structures such as planar disk shaped M'(crown ether), sandwiched 
M'(crown  ether)^, and pyramidal M'(crown ether) etc have been 
r e p ~ r t e d . ~  These SC' structures can also incorporated into the 
electrically conducting [Ni(dmit)$ salts as a counter 
Among them, a regular array of Li'o 6( 15-crown-5) structure of an ion- 
conducting channel coexisting with highly electrical conducting 
Ni(dmit)z column recently reported." 

SC+ [ s ~ ~ ~ ~ ; N ~ ~ ~ ) = s  1 
s s s  s 

The SC' structures can utilize for the counter cation in the 
monovalent [Ni(dmit)z]- salts, which expand a variation of the S = 1/2 
spin arrangement within the crystal. Here we report the crystal 
structures and magnetic properties of K'(DA18-crown-6)[Ni(dmit)z]- 1, 
Rb'(DA1 8-crown-6)lr\ri(dmit)2]- 2 (DAI 8-crown-6 is 4,13-diaza-18- 
crown-6), and NH4'( 1 5-crown-5)2[Ni(dmit)z]- 3 together with those of 
(tetrabutyl ammonium (TBA))pi(drnit)z]- 4. 

EXPERIMENTAL 

The salts 1 and 2 were prepared by the electrocrystallization of 
(TBA)[Ni(drnit)z] in presence of K' or Rb' ions with DA18-crown-6," 
while the salt 3 was prepared by the diffusion method between 
(TBA)[Ni(dmit)z] and NH4' with 15-crown-5 molecule.' The 
stoichiometries of salts 1, 2,  and 3 were determined by the elemental 
and X-ray structural analyses.'. I I Static magnetic susceptibilities were 
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measured by a SQLJID magnetometer (Quantum Design MPMS-5) in a 
field of 1 .o T. 

Salts I and 2 are an isostructural to each other. Figs. l a  and l b  
show the SC" structures of K+(DA18-crown-6) and [NN4'(15-crown- 
5}2]2, respectively. The SC' structure M'(DAl8- crown-6) in salts 1 
and 2 has a planar-disk shape. Figs. 2a and 2h show the mi(dmit)z]' 
anion arrangements in the salts 1 and 3, respectively. 'The SC' units 
are schematically illustrated by closed circles. 'The alternate stack of 
mi(drnit)2]' anion and M"(DA18-crom- 6) was observed along the a- 
axis in salts 1 and 2 (Fig. 2a), which prevents the efl'ective 
intermolecular K-X interaction between [Ni(dmit)z]". The [Ni(dmit)z]' 
anions arranged along the b-axis through the side by side sulfur - sulEur 
intermolecular contacts, which forms the one-dimensional regular S = 

a. b. 

I 

Figure 1. 
and b) [NN; (1 5-crown-5)2]2 in the salts 1, and 3 respectively, 

Supramolecular cation structures of a} K+(DA18-crown-6) 

Figure 2. /?Ji(drnitl2Iu anion arrangements of salts 1 and 3. a) One- 
dimensional regular chain of [Ni(dmit)z]- in the salt 1. b) One- 
dimensionai z igzag chain of the [Ni(dniit)z]- through S - S contacts in 
the salt 3 
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112 chain. Each chain is further interacted through side by side 
fashion along the c-axis resulting in the two -dimensional sheet 
structure. However, the intermolecular interactions 
are highly one-dimensional character because of larger transfer integral 
oft ,  (1.03 and 2.77 x los2 eV for 1 and 2 ,  respectively) along the b-axis 
than that of 12 (-0.15 and -0.62 x eV for 1 and 2, respectively) 
along the c-axis.12. 

A fundamental SC' unit in the salt 3 is the sandwiched NH;(15- 
crown-5)2 structure, which is further dimerized to the barrel type 
IJdH4f(l5-crown-5)2]2 structure (Fig. lb). Since the size of the 
barrel structure is quite significantly larger than that of disk shaped 
M+(DA18-crown-6), the mi(dmit)2]' anion arrangement in the salt 3 is 
quite different to that in the salt 1 or 2. The [Ni(dmit)2]- anions in the 
salt 3 form a face to face x--x dimer structure, which is m h e r  
connected by side by side S - S contacts along the c-axis. The transfer 
integral within the dimer ( [ I  = 5.82 x eV) is ca. six times larger 
than that of the side by side S - S interaction (t2 = 1 .O 1 x 1 O-* eV). 

The crystal structure of (TBA)IJdi(dmit)z] has been reported,13 in 
which the mi(dmit)zlA anions were isolated to each other." 
According to the structure of the SC' structures, the [Ni(dmit)z]- 
arrangements within the crystal is tuned drastically. 

P 

The magnetic properties of salts 1 - 4 depend on the [Ni(dmit)z]' 
arrangements within the crystal. We measured the magnetic 
susceptibilities of three types of [Ni(dmit)z]- arrangements, i) one- 
dimensional regular chain in the salts 1 and 2 ,  ii) zig-zag chain of 
dimerized IJdi(dmit)2]- in the salt 3, and iii) isolated mi(drnit)z]' in the 
salt 4. Fig. 3 shows the temperature dependence of the molar 
magnetic susceptibilities cZ;n) of the salts 1, 2,  3, and 4. 

The temperature dependence of the x,,, of the salts 1 and 2 showed 
the same behavior due to the same Ir\li(dmit)z]- arrangements within the 
crystal. The x,,, value increases by lowering the temperature from 350 
to 30 K, then a broad maxima is appeared at around 30 K. The 
temperature dependence is fitted well by using one-dimensional 
Heisenberg antiferromagnetic chain model (solid lines in Fig. 3a)." 
The magnitude of magnetic interaction within the chain (IJ/kel) in the 
salts 1 and 2 are 24.7 and 22.7 K, respectively. The magnetic 
behaviors of these salts are consistent with the one-dimensional regular 
chain of [Ni(dniit)2]' anions along the b-axis. 
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Figure 3. Temperature dependence of magnetic susceptibilities. a) 
,ym vs. Tplots of salt 1 and 2. b) ,ymTvs. Tplots of salts 3 and 4. 

The temperature dependence of xm in the salts 3 and 4 showed Curie 
like behavior. In the case of salt 3, the constant xmT value (C = 0.35 
emu K mol-') was observed in the temperature range from 20 to 350 
K.The [Ni(dmit)~]' overlap within the dimer was the ring over bond 
type, which is not effective to increase the transfer integral within the 
dimer. As a result, two S = 112 spins on the mi(dmit)2]- dimer behave 
as free spin without antiferromagnetic coupling. Since the D\li(dmit)z]' 
anions in the salt 4 are completely isolated to each other, the Curie-type 
magnetic behavior is consistent with the constant xmT value (C = 0.33 
emu K mol-') in the temperature range from 20 to 350 K. 

SUMMARY 

The supramolecular cation (SC') structures were incorporated into the 
monovalent [Ni(dmit)z]- salts. The K+ or Rb'(DA18-crown-6). unit 
and Pi(dmit)$ anion formed a mixed-stack structure, which regulated 
the Pi(dmit)t]' anions to the one-dimensional Heisenberg 
antiferromagnetic chain. The barrel type [NH;( 15-crown-5)2]~ units 
coexisted with the one-dimensional zig-zag chain of dimerized 
[Ni(dmit)~]- anions. Within the dimer, two S = 1/2 spins behave as 
free spin without antiferromagnetic coupling, which resulted in the 
Curie-type magnetic behavior. The design of SC' structures is 
important for controlling the magnetic properties of S = 1/2 spins on the 
[Ni(dmit)2]' anions. 
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