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Simulations of the Molecular - Based S = 1 
Magnetic Chains 

ALVARO CARAMICO D' AURIAa, FILIPPO ESPOSITO", 

GRZEGORZ KAMIENIARZ' and STANISLAW WALCERZC 
UGO ESPOSITO~, DANTE GATTESCHI~, 

"Dipurtimento di Scienie Fisiche, Universita di Napoli, 80125 Napoli, and 
INFM Unita di Napoli, Italy, bDipartimento di Chimicu, Universitu di Firenze, 
50144 Firenze, Italy and 'Computational Physics Division, Institute qf Physics, 

A. Mickiewicz University, 61-614 Poznad Poland 

A numerical quantum transfer-matrix approach to S = 1 macroscopic chains with single-site 
anisotropy and alternating bonds is worked out in the framework of statistical mechanics. A 
fit of the experimental susceptibility data for a number of the quasi-one-dimensional molecu- 
lar magnets is performed down to the low-temperature region. New microscopic parameters 
for the uniform as well as the non-uniform systems are established, and the temperature 
behaviour of the zero-field susceptibility for different ferro-antiferro coupling ratios is pre- 
sented. 

Keyword,sr molecular magnetic chains; transfer-matrix simulations; bond-alternating interac- 
tions 
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HAMILTONIAN AND SIMULATION TECHNIQUE 
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APPLICATIONS AND RESULTS 
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T-ABLE I 
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11. i Y  = -1.0 f t  = -2.0 cv  = -3.33 
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3 -1.17S:I 1).(32s51 -2.,'1570 2.60<53 -1.6882 :%.T284 
2 3.0450 -3.9301 -0.1739 -7.6c509 -9.0872 -!).414X 
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> -0.12X1 - ( I . l 3 1  1 -0.1221 0.2042 -0.CiJMi 0.4889 
6 l),O,197 0.0728 0.0027 -0 .0325 0.2085 -0.1(378 
I 1  ( Y  = -6 .0  cr = -10.0 
1 48.1884 11.9403 69.9736 12.6591 
2 -19.52X -10.4483 -48.5362 -11.6143 
3 -1.2479 4.3565 14.3019 6.047:1 
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g amount to f0.02), the susceptibility estimates coincide with experimen- 
tal findings within 2 f 3 % in the low temperature region. An example is 
shown in  Fig. 2 for the compound U6,  where the experiniental susceptibility 

is plotted by the the diamonds and our QTM estimates - by the dotted line. 
The parameters displayed in the legend coincide with those of Monfort et 

d16] and describe U6 in the entire temperature region. 
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FIGURE 2 The molar susceptibility x in [memu/mole] versus temper- 
ature for U6.  

For the compund U 2 ,  there are available the and the single 

crystal131 susceptibility data. The later are given by the symboks in Fig. 3. 

The low-temperature anisotropy may be attributed to the non-negligible 

value of D. The fit shown in Fig. 3 is found for D / k s  = 6.f  1 K and the 
remaining parameters listed in Table 11. Our present estimates are somewhat 
different from those calculated when fitting the powder data. 

We have also reanalyzed the experimental data for the bond-alternating 
molecular-based chains A1 - A6 reported in literature~’~7-Lol. As an exam- 

ple, in Fig. 4 we draw the susceptibility results for (Ni(N,),(tmeda)l, (the 
compound denoted here as A5): experimental ones by the diamonds, our 
QTM estimates for the parameters selected previously[’] by the dotted line 
and those for the parameters from Table I1 by the full line. For the sake of 
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FIGURE 3 The molar susceptibility xu in [memu/mole] versus tern- 
perature for U2. 
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clarity, the corresponding parameters are also defined in the legend. The 
curves demonstrate some discrepancies between theory and experiment for 
the previous estimates of the parameters. Similar discrepancies are encoun- 
tered for other systems. Our accurate QTM simulations for the compounds 
A1 - A6 and the subsequent fitting analyses lead to the values for the best-fit 
parameters listed in the last three columns of Table 11. 

25 1 'u.. . _._ 

0 experiment 

. . . , QTM fit 

'8.. . . . . . , .' Q. .. . . ... 
.o. .. .. , , 

0 " " " " " " ' " '  I 
T [KI 

FIGURE 5 The molar susceptibility x,., in [memu/mole] versus tem- 
perature for A6. The best QTM fit is drawn with the dotted line. 

The pronounced anisotropy was found for A61"I from the analysis of the 
zero-field susceptibility and specific heat. Our results for A6 are presented 
in Figs. 5 and 6 for the temperature dependence of the molar susceptibility 
in [memu/mole] and the specific heat, respectively. The ,measured values 
are plotted with the diamonds and the best QTM fit is drawn with the 
dotted line. 

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 

As far as the susceptibility is concerned, for all the alternating chains the 
agreement between experiment and theory is within 3 t 4 %. As demon- 
strated in Fig. 7, this is fulfilled even for the systems A3 and A4 which 
develop some low-temperature anomaliesi81. In this case, our results for the 
alternating ferro- and antiferromagnetic couplings verify quantitatively the 
empirical based on the relationship between the co-ordination 
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FIGURE 6 The temperature behaviour of the specific heat of A6. 

mode and the magnetic behaviour of the polynuclear compounds of Nirr. 

In conclusion, we have worked out the QTM approach to the molecular 
systems with the bond alternation and we have carried out the first large- 
scale simulations obtaining high resolution data for the S = 1 alternating 
chains A1 + A6 down to low temperatures. The corresponding microscopic 
parameters have been established as the best sets describing the suscepti- 

bility measurements for the compounds in question. Our QTM technique 
is applicable in the whole region of the microscopic parameters in (1) and 
for temperatures down to k B T / J  N 0.1 so that the S = 1 molecular-based 
chains may be reliably characterized. 
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