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TG-DTA analyses of [Ln(tmso)d (CIO,), (Ln = ten&em ions of the Ianthanoid 
series; tmso = tetramethylene sulfoxide) were carried out in a nitiogen atmosphere 
and under vacuum. The observed values of the characteristic temperatures show 
systematic changes along the series, owing to the effects of the “lanthanoid con- 
tion”_ The corresponding dimethyl sulfoxide complexes were also investigated by 
the same method. 

INl-RODUCTION 

It is well known that the size of a tervalent ion of the Iantiianoid series con- 
tinuously decreases as the 4f sub-shell is tilled up with electrons, and this shrinkage 
(the so-called “lanthanoid contraction”) plays an important role in the coordination 
chemistry of the Ianthanoid elements’. Smce the bandings between such an ion and 
common ligands are predominantly electrostatic, they will be in general strengthened 
by this shrinkage- On the other hand, the repulsion between the ligantis will also 
become more pronounced at the same time and when the ion becomes toe srnah, 
the repulsion may become large enough to make the structure unstable. In such a 
case,ad- in the coordination riumber of the lanthanoid ion may resnlt, 

In this paper, the occurzt~lce of these kinds of phenomena will be exemplified 
in some detail with regard to the IR and TG-DTA for tetramethylene sulfoxide 
(TMSO) complexes of lanthanoid perchlorates. There seems to be no former reports 
on these complexes, although the complexes of DMSO and its anaIogues have been 
investigated by many workers’- Some data on the DMSO CompleKes of the lanthauoid 
perehloratf% wii aIso be reported. 
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The preparation and compositions of the DMSO complexes used in this study 
were aIready reported by Iwase and Tada3. The T&IS0 compIexes were prepared in 
the same way. using TMSO instead of DMSO. The results of the elemental analyses 
for C and H are .&en in Table 1. 

TABLE 1 

Ef_EMENiAL ANALYSES OF iln(-)sl(~%c)3 

Ln color CO&O/l w,-cbogar 

Fad (%I Cok. (%) Fomd (%) cok. (%) 

. . La 
cc 
Pr 
Nd 
Sm 
Eu 
Gd 
-_ 

z 
Er 
Tm 
Yb 
Lu 

white 
whiu 
GUUl 
Violet 
White 
White 
White 
whiu 
Whiu 
Pink 
Pink 
whim 
w-bite 
WhiU 

3052 5.10 5.08 
3022 5.23 5.07 
30.22 5.18 5.07 
30.12 5.23 5.06 
W-98 5.30 5.03 
29.94 5.14 5.03 
29.83_ 5.09 5.00 
29-78 5.08 5.00 
29.70 5.19 4.98 
29.64 5.I9 4.98 

29.59 5.10 4.97 
29.55 5.13 4.96 
W-46 5.05 4.94 
29.41 497 4.94 

The infrared absorption spectra of the TMSO complexes in the fquency 
region of 4CW-m cm- ’ were taken in KBr pellets with a Hitachi 215 spectro- 
photometer. Very similar spectra were also obtained with Nujol mulls. 

The thermo_~vimetric and diff&rential thermal analytical (TG-DTA) curves 
of the DE0 and TMSU complexes were obtained at the heating rate of 5°C min-’ 
in nitrogen and under vacuum (in the latter case, the system was continuously 
evacuated by a rotary pump) with a Shinku Riko TGD-3000 diE&ential thermal 
microbalance. About 5 mg of powdered sample in a platinum &ucible were used in 
each measurement. 

The elemental analyses in TabIe 1 show that aiI the TMSO compIexes have the 

fomluIas rJW=)d WO& differing from the corresponding DMS03 and 
dimethyWtamide4 compkzes which show a lower coordination number for the 
heavier met& (see later). 

The infrared specaa of all the TMSO complexes were nearIy the same, and 
showed three peaks at ca, 540,380 and 350 cm- K. The ligands in these complexes 
are now expected to he coordinated at their oxygtms, since infrared spectral studies 
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on transition metal’ and lanthanoid6 complexes of DMSO have ah’shown ‘bxygen 
coordination (except for Pd and Pt complexes? in which sulfur coordination occurs)_ 
Later data of Bemey and Webera on these complexes and some TMSO complexes, 
showed further that the rfMo (metaI_oxygen stretching) peak lies generally in the vicinity 
of 400 cm-‘, but sometimes around 500 cm- ’ (at 499 cm- ‘, for example, in the 

case of [AI (tmso)6] &IO,), _ Since a Ianthanoid ion is much kirger and heavier than 
Al3 +, the i&c peak in the spectra of &n(tmso),] &IO,), is expected to lie at a shorter 
wave number than that of the A13+ compIex, so that the peak at 380 cm- l can most 

probably be identified with it. This assignment is supported by the fact that there 
e.xists & definite relation between the wave number of this peak and ljr (r= ionic 
radius of a Ianthanoid iong) as shown in Fig. 1. On the other hand, the wave numbers 
of the other two peaks at 540 and 350 cm- r remain nearly unchanged throughout the 
series. 
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Fig. 1.Rdationbetwem uxoandl/r. 

As can be seen from Fig. 1, the wave number of the GM0 vibration (and, there- 
fore, the strength of the M-O bond) continuously increases from La3’ to Lu3+, 
roughly in parallei with the increase of l/r_ Drops of the curve observed at Ce3+ and 
Dy3+ are pecuhar, but they are relatively small in comparison with possible exper- 
imental error (f I cm-‘)- 

Examples of the TG-DTA curves of the TMSO compIexes measured under 
vacuum and in nitrogen are shown in Fig. 2. In vacuum (Fig. 2A), the TG curve 
shows that most of the complexes studied begin to decompose by shght heating, 
evolving, in total, about two molecules of TMSO, while some of them with heavier 
lanthanoids (Er, Tm and Yb) tend to evolve about three molecules of TMSO in 
two or three steps. 

As reffected in the plots of Fig. 3A, the initial wc&nt-ioss temperature (tJ of 
the complexes of La3+-Sm3 l remains nearIy unchanged, but that of the compIexes 
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of Sm3* -Lu’+decreases steadily with the increase of l/r. This can be understood as 
folIows: the ease of losing one ligand molecule from the eight-coordinated eoordina- 
tion sphere in these complexes is governed by trYo factcrs, i.e., (1) the metaHigand 
bond strength which increases with the increase of I/r, and (2) mutual repulsion 
between ligands which also kreases in the same direction. In the first half of the 
lanthanoid series, these two factors may be almost cancelled, but after Sm”* the 
second factor begins to predominate, until the case of the smallest Lu3+ where the 
coordination sphere is strongly overcrowded with hgands and quite unstable &spite 
of the stronger metal-I&and bonds in them), so that one of the ligands is ve-zy easil; 
lost on heating. 

On the other hand, the main peak- temperature (r> on the DTA curve, which 
corresponds to the point at which the main decomposition process, i.e., the dissocia- 
tion of the second and/or third TMSO molecules occurs, rises with the increase of 
I/r in a way which is very similar to the curve in Fig. I (cf., Fig. 3B). Thus one is led 
to the view that, while the loss of the first TMSO mdecule is governed chiefly 
by the “overcrowdedness” of the ligands in the complex and occurs most easily 
in the case of the smallest lanthanoid ions, the ease of the loss of further moIecuIes is 
governed chiefly by the strength of metal-ligand bonds themselves and, therefore, 
occurs most easily in the case of the largest lanthanoid ions. 

The TG-DTA data in nitrogen (Fig. 2B) are considerably different from t&se 
in vacuum. Here, the thermal decomposition occurs much more difkultly, and the 
points corre&nding to tj are shifted remarkably (CL 50°C) toward higher tempera- 
tures_ The steps of the evolution of TMSO observed on the TG curve are much more 
indistinct here, so that it is difficuit to define the number of TMSO ~mokcuks evolved 
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with certainty_ There is, however, a rou@ reIation that tr tends to decrease with l/r. 
Above 200°C another kind of drastic decomposition, with a strong exothermic peak 
on the DTA curve, takes place. 

It can be seen that the Sm complex gives a small endothermic peak without 
any weight-Ioss at 73°C. The sample heated slightly above 73°C looked somewhat 
wet and was found to be nearly amorphous to X-rays, but when it was cooled to 
room temperature, well-defined X-ray diffraction lines appeared again. This cbangc 
seem, therefore, to correspond to a phz;re transition. A similar phase transition was 
observed with the compIexes of Pr-33. It was also found that the temperature of 
this phase transition (r,J drops sharply with increasing l/r as Seen in Fig_ 4_ 

All these results seem to indicate that, under these experimental conditions, 
some kind of reversible deformation of the coordination sphere takes place before 
the commenmment of the evolution of TMSO, the more easiiy the smaller the 
Iantbanoid ion_ One can imagine further that, oming to this deformation, one (or a 
few) of tie TMSO molecules is to some extent squeezed out of the coordination sphere, 
so that it is evolved easily by further heating. It is also possible that, above the 
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transition pcint corresponding to this change, the order among the TM!W molecules 

is considerably disturbed, so that they get in an amovhous state which is even 
somewhat “liquid” in nature_ 

I+, is 11r;:v of interest to wmpare these results with those of the DMSO complexes_ 
The compositions of the DMSO compIexes of the lanthanoid perchlorates reported 
by varicus auttiors do not perfectly agree. According to Iwase and Tada the lighter 

lanthanods (La-Gd) form octa-coordinated complexes [Ln(&iso)s] (CLO,), while 
the heavier cnes Cft+Lu) form hepta-coordinated complexes fln(dmso),j (CIO,), _ 

F&z 5 is the r4~uIt of these authors on the relation between Q. (now found at 

400420 cm- ‘) and i/r, aild the numbers of DNiSO molecuhzs (about 1-S for La-Cd 
and 2-2.5 for Tb-Lu) evolved by heating in vacuum_ Figure 6 shows some TG-DTA 
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Fig- 6. TG-DTA wvcs of the DMSO complcss in MCULUIL 

curves for these complexes in vacuum_ As pointed out by Iwase and Tada aheady, 

here Q. increases almost linearly with l/r, but there is a discontinuity between the 

cm- and hepta-coordinated groups, the values for the latter being distinctly higher_ 
This means that the DMSO molecules in the latter are combined more strongly 
than those in the former-, even when the difference in r is taken into account. A 
similar discontinuity is found in the relation between n and l/r; the smaher lanthanoid 

ions t&nd to lose more DMSO molecules by heating; on the other hand, the larger 
ions which hold one more DMSO molecuIe in their complexes, tend to keep more 
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iigands even when heat& No distinct re)ation was found between rL and l/r, the 
former fluctuating between 40 and SOT, but, as in the case of TMSO complexes, 
I, rises spproximattdy IiwarIy against I/f from 78 “C of La to 125 “C of Lu. 
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