
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 24 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Coordination Chemistry
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713455674

NONAMETHYLIMIDODIPHOSPHORAMIDE ADDUCTS OF
LANTHANIDE PERCHLORATES
C. Airoldia; Y. Gushikema; C. R. Puschela

a Instituto de Química, Universidade Estadual de Campinas, Campinas, São Paulo, Brasil

To cite this Article Airoldi, C. , Gushikem, Y. and Puschel, C. R.(1976) 'NONAMETHYLIMIDODIPHOSPHORAMIDE
ADDUCTS OF LANTHANIDE PERCHLORATES', Journal of Coordination Chemistry, 6: 1, 17 — 20
To link to this Article: DOI: 10.1080/00958977608079878
URL: http://dx.doi.org/10.1080/00958977608079878

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713455674
http://dx.doi.org/10.1080/00958977608079878
http://www.informaworld.com/terms-and-conditions-of-access.pdf


J. Coord. Chem. 
1976, V O ~ .  6, pp. 17-20 

@Gordon and Breach Science Publishers Ltd., 1976 
Printed in Great Britain 

NONAMETHYLIMIDODIPHOSPHORAMIDE ADDUCTS OF 
LANTHANIDE PERCHLORATES 

C. AIROLDI, Y. GUSHIKEM and C. R. PUSCHEL 

Instituto de Quimica, Universidade Estadual de Campinas, Caixa Postal 11 70, 
13.100 ampinas, ,920 Paulo, Brasil. 

(Received October 21, 1975; in final form March 29, 1976) 

The preparation of compounds with the general formula Ln(ClO,),. 3NIPA (where Ln=La-Lu, NIPA = nonamethyl- 
imidodiphosphoramide) is reported. The vibrational spectra support a Td symmetry for the perchlorate ion. Infrared 
spectra in the 1330 to 400 cm-' range suggest that coordination takes place via both oxygen atoms. The x-ray 
powder diffraction patterns indicate the isomorphism of the lanthanide series and the conductance data in nitro- 
methane and nitrobenzene agree with the 1:3 electrolyte type. 

INTRODUCTION 

The coordination chemistry of rare earths with 
potentially bidentate phosphoryl oxygen ligands has 
received attention only recently with octamethyl- 
pyrophosphoramidet.2 bis(diisopropoxyphos- 
~hinil)methane,~ and dipho~phonates.~ These 
publications report both oxygens bonding the metal 
simultaneously or bridging two metals. 

Nonamethylimidodiphosphoramide (NIPA) 
resembles the structure of those ligands, presenting 
the >N(CH3) group between the PO bonds. The 
ability of the NIPA to form stable complexes with 
both transition and non-transition metals has been 
investigated exten~ively,~-' where both oxygens are 
bidentate to the metals. 

In an attempt to obtain information about the 
nature of the complexes formed between NIPA and 
the lanthanide perchlorates, we have prepared a series 
of complexes, Ln(C104).3NIPA (Ln=La-Lu). Here 
we report some results on their synthesis and 
properties based on elemental analysis, x-ray 
patterns, vibrational spectra and molar conductances 
in nitromethane and nitrobenzene. 

EXPERIMENTAL 

The hydrated lanthanide perchlorates were 
prepared as described previously.' NIPA, 
[(CH3l"P(O)N(CH3)P(O)[N(CH3)2 127 was 
prepared following the literature and 

had a melting range of 58-59OC. The ligand was 
handled in a dry-box due to high hygroscopicity. 

anhydrous form before using. 
The solvents were purified and converted to an 

Preparation of the complexes 

The hydrated metal salts were dissolved in ethanol 
and the solution was evaporated in vacuo at room 
temperature. The solid was then dissolved in acetone 
and heated. To this stirred solution was added drop- 
wise an excess of the ligand (4: 1) in acetone. The 
resulting solution was refluxed for two hours and 
cooled to room temperature. 

After standing, the addition of dry ethyl ether 
forced crystals out of the solution. These were 
collected by filtration, washed twice with the same 
solvent and finally dried in a vacuum dessicator over 
phosphorus pentoxide for several hours. 

Analytical Procedure 

The lanthanide was determined by titration with 
Edta using xilenol orange as indicator. Phosphorus 
was determined colorimetrically using an established 
method.' Nitrogen was determined as described 
previously' or together with carbon and hydrogen 
by a microanalytical procedure performed in the 
Instituto de Quimica Universidade de SHo Paulo. 

Measurements 

All spectra or measurements were obtained under the 
same conditions used previously.' 
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TABLE I 
Summary of analytical results for the compounds of formula Ln(CIO,),. 3NIPA 

~~~~~ ~~ 

Analysis (%) 
Lanthanide Phosphorus Carbon Hydrogen Nitrogen 

Ln Calcd. Found Calcd. Found Calcd. Found Calcd. Found Calcd. Found 

La 
Ce 
Pr 
Nd 
Sm 
Eu 
Gd 
Tb 
DY 
Ho 
El 
Tm 
Yb 
Lu 

10.40 
10.48 
10.54 
10.76 
11.16 
11.27 
11.62 
11.73 
11.96 
12.12 
12.27 
12.37 
12.63 
12.71 

10.15 
10.46 
10.32 
10.38 
11.01 
11.17 
11.49 
11.55 
12.09 
11.97 
12.29 
12.52 
12.85 
12.49 

13.92 
13.90 
13.90 
13.87 
13.80 
13.78 
13.73 
13.71 
13.67 
13.65 
13.63 
13.61 
13.57 
13.55 

13.97 
14.04 
14.02 
13.97 
13.84 
13.95 
13.74 
13.77 
13.56 
13.55 
13.59 
13.72 
13.47 
13.42 

24.29 
24.27 
24.25 
24.19 
24.08 
24.05 
23.96 
23.92 
23.87 
23.82 
23.78 
23.75 
23.68 
23.65 

24.07 
24.48 
23.97 
24.37 
23.83 
24.23 
23.94 
23.91 
23.78 
23.80 
23.34 
23.60 
23.26 
23.59 

6.12 6.31 
6.11 6.20 
6.11 5.90 
6.09 6.00 
6.06 6.13 
6.06 6.25 
6.03 6.31 
6.02 6.24 
6.01 5.94 
6.00 6.08 
5.99 5.86 
5.98 5.85 
5.96 5.97 
5.95 5.82 

15.73 
15.72 
15.71 
15.67 
15.60 
15.58 
15.52 
15.50 
15.46 
15.44 
15.41 
15.39 
15.34 
15.32 

15.96 
15.65 
15.81 
15.50 
15.45 
15.69 
15.49 
15.48 
15.68 
15.71 
15.38 
15.20 
15.37 
15.23 

RESULTS AND DISCUSSION 

The compounds are only slightly hygroscopic, with 
their melting or decomposition points higher than 
230°C. In Table I the analytical results are listed for 
all the compounds considered in the present work. 
The X-ray diffraction patterns show the existence of 
only one isomorphic form. 

complexes in the 1330 to 400 cm-' range are given in 
Table 11, together with a tentative assignment. Four 
Raman active frequencies for the perchlorate ion are 
observed at 930,458, 1100 and 630 cm-I (Table 111). 

?he infrared spectral data of NIPA and its 

They do not show the splitting of the v2, v3 and v4 
bands which would be expected from Td symmerry 
lowering,' 
to-perchlorate as well as by the lattice effect.' The 
i.r. spectra confirm the existence of the ionic 
perchlorate with Td symmetry, with the two well 
defined active bands at 1095 and 625 cm-'. 

broad infrared absorption band found at 1205 cm-l 
in the free ligand. It has been noted that after 
coordination via oxygen atoms this band splits into a 
strong one at -1 200 cm-', the CN stretching, 
followed by a medium intensities peak at -1 170 cm-', 

caused'by the coordination of the metal- 

The PO and CN stretching vibrations coincide in a 

TABLE 111 
Vibrational frequencies of the perchlorate ion (cm -' ) 

Raman I.R. 
Ln(CIO,), - 3NIPA v l  v2 v3 v4 v3 v4 

La 
Ce 
PI 
Nd 
Sm 
Eu 
Gd 
Tb 
DY 
Ho 
Er 
Tm 
Yb 
Lu 

932vs 
9 30vs 
934vs 
932vs 
930vs 
930vs 
930vs 
931vs 
930vs 
930vs 
930vs 
930vs 
930vs 
930vs 

459w 
459w 
459w 
457w 
457w 
457vw 
458w 
455w 
460w 
459w 
457w 
460vw 
458w 
458w 

1097vw 
1095vw 
109ovw 

1099vw 

llOOVw 
1 l O O v w  

1090vw 
1098vw 

ll0Ovw 

- 

- 

- 

- 

- 

627vs 
629vs 
629vs 
629vs 
629vs 
630vs 
630vs 
630vs 
629vs 
630vs 
630vs 
634vs 
6 30vs 
630vs 

1095vs 
1092vs 
1094vs 
1090vs 
1095vs 
1093vs 
1096vs 
1095vs 
1093vs 
1095vs 
1092vs 
1095vs 
1095vs 
1094vs 

625m 
627m 
624m 
626m 
627m 
625m 
625m 
625m 
625m 
622m 
625m 
627m 
622m 
625m 

v = very, s = strong, m = medium, w = weak. 
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434344.4 I 

44343 I I 

4 4 4 4  143 

which corresponds to the PO ~tretching.~’’ 0 The same 
characteristic bands have been observed for 
La(N03)3.2NIPA compounds.2 

frequency broad peak with shoulders in the com- 
plexes. Assuming the sequence of bands assigned in 
Table I1 we have attributed the first shoulder at 
1187 cm-’ to CN stretching and the second one at 
1170 cm-’ to PO stretching. The CH3 rocking band 
overlaps with these shoulders, thus contributing to 
the broad peak. 

to withdraw electron density from the PO bond and 
thus decrease its bond order, lowering the stretching 
frequency by 35 cm-’. In this case the nitrogen lone 
pair can be delocalized into the available dn orbitals 
on the phosphorus, increasing the PN bond order 
causing the stretching bands to shift to higher 
frequencie~.~ ,9910 Although the maximum shift is 
only of the order of 1 1 cm-’, the band at 740 cm-’ 
in the free ligand does not change its position in the 
complexes. 

The phosphoryl bending shifts 25 cm-’ to higher 
frequency. This is an indication that coordination has 
occurred through both oxygen atoms of the 
ligand.’ *2 The CNP bending bands shift to higher 
frequencies and the NPN bending at 598 cm-‘ in the 
free ligand is obscured by the v4 perchlorate band. 

The solubility of the complexes in the relatively 
low donor capacity solvents, nitromethane and 
nitrobenzene, permitted the conductance measure- 
ments of these complexes (Table IV). 

The observed values vary in the series, showing 
increases with increasing atomic number, for both 
solvents. The conductance data for the entire series in 
nitromethane show the behaviour of a 1 :3 electrolyte 
type. Twenty values of AM were measured in a 
concentration range between (0.0241-2.038) x 
lo-’ M for [Gd(NIPA)3] (C104)3 as a representative 
complex. They resulted in an average within the 
interval of 220-260 SZ-’ .cm2.mole-’ suggesting the 
existance of a I :3 electrolyte type in nitromethane.” 
In nitrobenzene the metals from La to Ho indicate a 
somewhat lower ratio whereas the metals with higher 
atomic number exhibit the same behaviour as in 
nitromethane.2 

It has been reported that the decrease in 20% of 
the crystal radius from the ~ a ~ +  to the LU~+,  can affect 
the metal coordination number, by reducing the 
number of ligands or by modification of the anion 
coordination through the lanthanide series? Our 
compounds present three bidentate ligands with all 
elements of the series and the perchlorate displays a 

Our results however, show the presence of a lower 

The bond between oxygen and the metal ion tends 
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TABLE IV 
Electrolityc conductance in nitromethane and nitrobenzene 

Nitromethane Nitrobenzene 
Ln(ClO,), - 3NIPA Conc * (mmole 1 -' ) Am(ohm-' - em* - mole-' ) Conc - (mmole - 1 -' ) Amfohm-' - cm2 - mole-' ) 

La 1.04 220 1 .oo 59 
Ce 1.03 220 0.99 61 
Pr 1.03 220 0.96 69 
Nd 0.99 233 1.06 69 
Sm 1.03 235 0.99 64 
Eu 1.00 224 1.05 67 
Gd 1.02 226 1.01 62 
Tb 1.00 237 1.05 69 
DY 1.01 240 1 .oo 66 
Ho 1.02 259 1.02 64 
Er 1.00 26 1 1.03 70 
Tm 1.00 271 1.02 73 
Yb 0.98 27 1 1.03 77 
Lu 1 .oo 270 1.01 75 

Td symmetry. This fact should be associated to the 
poor coordination ability of the anion and the 
hindrance of the bulky methyl groups. On the other 
hand the isomorphism of the complexes and the 1 :3 
electrolyte behaviour suggests a coordination number 
of six for L~(NIPA):+ species. Of course, only a 
detailed X-ray analysis of the crystals would be 
conclusive about the real coordination number. 
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