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Dithiodiacetates of the rare-earths of the general formula 
MII(DTDA)2 �9 2 I-I20, where ~}i r = La, Ce, Pr, Nd, Sin, I-Io, and 
u and II2DTDA ~ dithiodiaeetic acid, have been prepared and 
eharaeterised by analyses, i.r. and differential thermal analysis. 
The i.r. data show that the bonding of the carboxylate group 
to the metal ion is bidentate. The i.r. and DTA studies reveal 
the presence of one water molecule in the coordination sphere. 
A coordination number of nine is suggested for the rare-earth 
metal ion in these compounds. 

I n t r o d u c t i o n  

The metal chelates of dicarboxylie acids are of interest because they 
are capable of forming compounds of various stoiehiometries. The rare- 
earth dicarboxylates that  have been prepared include those of oxalic 
acid 1, 2, malonie acid 3 and maleie acid 4. A survey of literature, however, 
shows that  no metal chelates of dithiodiaeetic acid, (SCH2COOH)~, have 
been prepared except those of the alkali metals which have been used in 
photographic developers 5. The present paper deals with the preparation 
and eharaeterisation of the dithiodiaeetates of the rare-earth elements 
with a view to understand the nature of bonding between the metal ion 
and the earboxylate group. 

Experimental 

Materials 

l%are-earth oxides, 99.9% purity, were obtained from American Potash 
and Chemical Corporation, U.S.A. Dithiocliacetic acid, obtained from 
Evans Chemical Inc., U.S.A., was reerystallised from ethanol. Hydrated 
rare-earth chlorides, except that of Ce(III) were prepared by treating the 
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oxides with aqueous HC1 and evaporat ing the solutions to dryness. Hy-  
dra ted  CeC13 was prepared by  treat ing cerium hydroxide with aqueous 
HC1. 

P r e p a r a t i o n  of t h e  C o m p l e x e s  

Dithiodiaeetie acid (2.5moles) was dissolved in 95% ethanol and 
ethanolic N t i s  was added drop by  drop with stirring till  the p H  was between 
6.5 and 7. If  the ammonium salt separated out, a few drops of water were 
added to dissolve it. An aqueous solution of the rare-earth chloride was 
then added with stirring to precipi tate out the rare-earth dithiodiaeetate.  
The precipi ta ted solid was filtered, washed first with water  and then with 
ethanol. I t  was finally dried over anhydrous CaC12 under reduced pres- 
sure. 

A n a l y s e s  

The metal  content of the complexes was determined by  the oxa l a t e - -  
oxide method. Carbon and hydrogen in a few complexes were est imated 
by  microanalyticM methods. 

I n s t r u m e n t a t i o n  

The i.r. spectra were taken in nujol mulls with a Carl Zeiss UR-10 
automat ic  spectrophotometer.  The spectra of dithiodiaeetie acid and the 
lan thanum dithiodiaeetate are given in figure 1. The differentiM thermo- 
grams were recorded on an automat ic  instrument  f i t ted with a ehromel- 
alumel thermocouple. All the  samples were run at  a heating ra te  of 2 ~ 
Calcined alumina was used as the  diluent and as the ieference material.  
The differential thermograms are presented in figure 2. 

R e s u l t s  a n d  D i s c u s s i o n  

The  ana ly t i ca l  d a t a  for the  chelates  conform to t he  genera l  fo rmula  
MH(DTDA)2 �9 2 H~0 where  M = La,  Ce, Pr,  Nd,  Sin, t i c ,  and  Y. The  
chelates  are  qui te  s tab le  in air  and  are  insoluble  in wa te r  and  common 
organic  solvents.  

No d a t a  are  ava i lab le  in l i t e ra tu re  on the  inf rared  spec t rum of di thio-  
diacet ie  acid. Hence  the  spec t rum of the  l igand has  been  ana lysed  and  
the  frequencies assigned.  The  ass ignments  are  based  on those  for o ther  
dibasic  acids  such as malonie  acid  s, succinie ac id  6, sebacic and  adipic  
acids ~. 

T h e ,  C = O  f requency  in the  l igand  occurs as a s t rong  abso rp t ion  a t  
1,700 em - I  wi th  a shoulder  a t  1,732 cm -1. The  bands  a t  1,422 cm -1 (S) 
and  1,275 cm -1 (S) are  p r o b a b l y  due  to  the  C - - O  s t re tch ing  v ibra t ions ,  
which are  coupled wi th  t he  in-p lane  bend ing  v ib r a t i on  of the  OH groups 
(~ C = O +  8 OH). I n  t he  chela tes  all  t he  above  bands  are  absen t  and  the  
bands  due to  symmet r i c  ~ C O 0 -  and  the  a symmet r i c  v C O 0 -  v ibra-  
t iona l  modes  appea r  a t  ~ 1,420 cm -1 and  ~ 1,570 cm -1 resp.  The cor- 
responding  v ib ra t ions  in  the  sodium sMt appea r  a t  1,410 cm -1 and  
1,600 cm -1. The  bonding  of the  ca rboxyl~ te  group to the  r a r e - ea r th  
me ta l  in these  chela tes  cannot  be monoden ta t e ,  because  wi th  such a 
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Fig. 1. Infrared Spectra of (A) Dithiodiacetic acid and (B) HLa(DTDA)~" 
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mode of coordination, the asymmetric ~ COO- frequency is expected 
to increase and the symmetric v C O 0 -  frequency to decrease as the 
metal-oxygen bond strength increases s. Consequently, the difference 
betweeD the symmetric and asymmetric ~ CO0-  frequencies (A v) 
should be more in the chelates than in the sodium salt, which is taken 
to be purely ionic. In  the case of a bidentate mode of coordination, 
there are two factors influencing the symmetric and asymmetric v COO- 
frequencies. The bidentate coordination of the carboxylate group to 
the metal  results in a lowering of both the ~ CO0-  frequencies due to 
the drainage of the electron density from the carboxylate group to the 
metal. At the same time, the O - - C - - O  angle is expected to decrease 
when the meta l - -oxygen  bond becomes stronger. The valence force- 
field equations for an X Y2 system 9 and the calculations for the triato- 
mic model 1~ n have shown tha t  a decrease in the O - - C - - O  angle results 
in a decrease in the frequency separation, A ~, between the two ~ COO- 
frequencies. These two factors act in the opposite direction for the 
symmetric , COO- frequency but  in the same direction for the asym- 
metric v CO0-  frequency. Thus in a bidentate mode of coordination of 
the carboxylate group, the asymmetric ~ COO- frequency decreases and 
the symmetric ~ C O 0 -  frequency either increases or remains the same 
compared to tha t  in the sodium salt. In  the dithiodiacetates studied it 
is seen tha t  the asymmetric ~ COO- frequency decreases and the sym- 
metric ~ C O 0 -  frequency increases compared to the corresponding 
frequencies in the sodium salt. This suggests tha t  the bonding of the 
carboxylate group to the metal  is bidentate in these chelates. 

The asymmetric v COO- band in the chelates shows a slight split- 
ting. Such a splitting of the band due to the asymmetric ~ COO- is 
usually observed when the molecule containing more than one COO- 
group forms bonds of different polarity. The strong broad band observed 
at 910 cm -1 in the ligand, a t t r ibuted to the O - - H  out-of-plane defor- 
mation, is absent in the chelates due to the replacement of the acidic 
protons by the metal  ion. The bands observed in the chelates at 

900 cm -1 and ~ 950 cm -1 may  be due to the C--C stretching vibra- 
tions which were not seen in the ligand spectrum due to the overlap of 
the strong out-of-plane deformation band. 

The ligand spectrum does not show any bands in the 3,000-3,600 cm -1 
region tha t  can be assigned to the O ~ H  stretching modes. However, 
bands are observed at  2,540 cm -1 and 2,660 cm -1 which can be attrib- 
uted to the O - - H  stretching vibrations which have been lowered in 
frequency due to hydrogen bonding. As might be expected, these bands 
are absent in the chelates. 

Two sharp peaks at  1,200 cm -1 and 1,135 cm -1 have been observed in 
the ligand spectrum. The former can be at tr ibuted to the CH~ wagging 
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mode of vibration and has been shown to be characteristic of molecules 
containing the CH2COOH group, the predominant contribution to 
which comes from the CH2 wagging mode with small contributions from 
the C--O, C--C stretching and O - - H  deformation modes 6. This band is 
shifted to about 1,226 em -1 in the chelates. The other band at 1,135 em -1 
can be attributed to the CII-) twisting frequency and is not much affected 
after chelation. These two bands are broader in the chelates than in the 
ligand. The band at 665 em -1 in the ligand is probably shifted to a 
higher frequency (~  714 em -1) in the chelates. 

The chelates show bands in the region 3,000-3,600 em -1 due to the 
stretching modes of the water molecules. Two bands are observed, one 
at ~ 3,400 cm -1 and one at ~ 3,200 cm -1 suggesting the presence of 
both coordinated and lattice held water, the former being due to the 
lattice held and the latter due to the coordinated water. The presence of 
coordinated water is also supported by the appearance of a new band at 

625 cm -1 in the spectrum of the chelates which can be attributed to 
the rocking mode of coordinated water. Since only two water molecules 
are present, one must be coordinated and the other lattice held. 

Differential thermal analysis has been carried out for Ce, Nd and 
Sm dithiodiacetates. The differential thermograms are very similar for 
the three chelates studied. An endotherm is observed at ~ 90 ~ due 
to the removal of water. Isothermal heating at 100 ~ for 4-5 hours 
shouted that  only one molecule of water is removed. The infrared spec- 
trum of this heated sample showed the absence of the band around 
3,400 cm -1. The band around 3200 em -1 is, however, still present. This 
shows that  at 100 ~ only the lattice water is removed and the coordi- 
nated water remains intact. This mono-hydrate, when exposed to air 
reeonverts itself to the all-hydrate, suggesting that  the dihydrate is the 
more stable form. A weak endotherm is again observed at ~ 230 ~ 
which is immediately followed by a strong endotherm with a peak 
maximum around 300 ~ This may be due to the decomposition of the 
chelate. A fairly sharp endotherm is observed around 415 ~ and finally 
the oxidation of the carbon formed in the decomposition reaction gives 
an exothermie peak in the range 500-600 ~ 

From the above physieo-ehemieal studies, the rare-earth dithiodiace- 
tates can be represented as I t [ M ( D T D A ) 2  �9 H20] �9 tI20 with a coordi- 
nation nmnber of nine for the metal ion. 
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