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Summary. A series of trivalent lanthanide chelates of the type [ L n ( P H N S A )  (H20)n] (2 C1) (where 
Ln  3+ =Pr, Nd, Sm, Eu, Gd, Dy, Er, Yb or Lu; P H N S A  =2-(X)-phenylazo-2-hydroxynaphthalene- 
6-sulphonic acid; X= H, C1, OCH3, CH3 and SO3H) have been synthesized and characterized by 
elemental and thermal analysis, molar conductance, IR, 1H NMR (for diamagnetic complexes), 
electronic spectra and magnetic susceptibility measurements. IR data along with those of the 1H 
NMR unequivocally proved that the coordination of the ligands to the metal ions took place in a 
bidentate fashion through the oxygen of the hydroxyl group and the nitrogen of the azo group. The 
magnetic moment values showed little deviation from Van Vleck values. 
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Synthese und Charakterisierung einiger Lanthaniden(IH)-Chelate von Schaffers/iure-Azofarbstoffen 

Zusammenfassung. Es wurde eine Reihe yon dreiwertigen Lanthanidenchelaten des Typs 
[ L n ( P H N S A )  (H20)n] (2 C1) (mit Ln 3+ = Pr, Nd, Sin, Eu, Gd, Dy, Er, Yb oder Lu und P H N S A  = 2- 

(X)-Phenylazo-2-hydroxynaphthalin-6-sulphonsfiure, X = H, C1, OCH3, CH3 und SO3H) synthetisiert 
und mittels Elementar- und thermischer Analyse, molarer Leitffihgigkeit, IR, 1H-NMR (ffir dia- 
magnetische Komplexe), Elektronenspektren und Messungen der magnetischen Suszeptibilitfit cha- 
rakterisiert. Die IR-Daten zusammen mit 1H-NMR-Befunden zeigten eindeutig, dab die Koordinie- 
rung der Liganden zum Metallion zweizfihnig dutch den Sauerstoff der Hydroxylgruppe und den 
Stickstoff der Azo-Gruppe erfolgt. Die magnetischen Momente zeigten nur eine geringe Abweichung 
von den Van Vleck-Werten. 

Introduction 

The chemist ry  o f  the azo derivatives o f  2 -hydroxynaphthyl -6-su lphonic  acid (Schaf- 
fer acid) has a t t rac ted  special interest  due to their  use as food  dyestuffs  and  as 
ch romophor i c  reagents for m a n y  meta l  ions [1 - 3 ] .  While  there are some infor- 
mat ions  abou t  t rans i t ion meta l  complexes wi th  Schaffer acid azo dyes [4 - 6], little 
is k n o w n  abou t  l an than ide  complexes wi th  such ligands. In this paper  we wish to 
report  the synthesis and  character iza t ion o f  some lan than ide  ions complexes o f  
P H N S A .  
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Experimental Part 

All chemicals used were pure BDH or Merck products and were used without further purification. 
The Schaffer acid azo dyes 1 - 5  were prepared as previously recommended [7] by coupling the 
corresponding amines in sodium hydroxide medium. After recrystallization from ethanol, their purifies 
were confirmed by elemental analysis, IR and 1H NMR spectra. 

The lanthanide(III) chelates were prepared by refluxing an ethanolic mixture of lanthanide(III) 
chloride (1 mmol) and the ligand (1 mmol) for about 6 h. On cooling the solution mixture to room 
temperature, a crystaline solid was obtained, filtered, washed with ethanol and dried in vacuo over 
P205. Analytical data along with the electrolytic conductance in DMF are given in Table 1. 

Analysis. Carbon, hydrogen and nitrogen analysis were carried out in the Micro analytical laboratory, 
Cairo University, Cairo, Egypt. Lanthanides were analysed by EDTA titration after decomposition 
of the chelates according to a reported procedure [8]. 

Physical Methods. Conductance measurements were carried out using a YSI Model 32 conductance 
meter of cell constant K=  1. The IR spectra (200-4  000 cm- i )  were recorded as KBr discs using a 
Beckman IR 4200 double beam spectrophotometer. 1H NM R spectra were run on a Varian T-60A 
90 MHz spectrometer in DMSO-d6, chemical shifts are reported relative to TMS as internal standard. 
Thermogravimetric analysis (TGA-DTA) were recorded on a STA-409 Netzsch DTA-TGA analyzer 
in the range 2 5 -  1 000°C with 10°C/rain heating rate using air as atmosphere. UV-visible spectra of 
the solid complexes were recorded in solution (DMtO and in the solid state (nujol mull) using a 
Perkin-Elmer X3B spectrophotometer. Magnetic susceptibilities of the chelates at room temperature 
were measured on a standard Faraday balance, using HgCo (NCS)4 as susceptibility standard. 
Diamagnetic corrections were estimated using Pascal's constants. 

Results and Discussion 

The analytical data for all the isolated complexes gave a satisfactory agreement 
with the expected formula. Almost all the chelates are quite hygroscopic, and all 
are soluble in D M F  but insoluble in other common organic solvents. Molar con- 
ductance values in D M F  indicate the ionic nature of the chelates and the presence 
of  anions outside the coordination sphere which is confirmed by the precipitation 
of AgC1 by addition of AgNO3 to the solubilized chelates in DMF. 

OH X 1 x= H 

)-N= N ~  2 c1 
3 0CH 3 

4 OCH 3 

SO3H s SOaH 

TGA data of some selected chelates show that they lose their water of coor- 
dination within the range 120-150°C followed by the removal of chloride ions 
from the solid chelates in the temperature range 1 8 0 -  195°C. All the anhydrated 
complexes show thermal stability up to 450°C above which decomposition of the 
complex species takes place leading to the formation of Ln203 as a final product. 
The number of coordinated water molecules, chloride ions as well as the percent 
ofLn 3 + were calculated from the corresponding inflections on the TG curves whose 
values were in satisfactory agreements with those obtained from elemental analysis. 

The paramagnetic behaviour of the lanthanide(III) ions is consistent with the 
presence of unpaired 4 f electrons. Since these electrons are well-shielded by 5 s 2 
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Table 1. Analytical, molar conductance and magnetic data for some lanthanide(III) chelates (coordination 
sphere derived from molar conductance and elemental analysis) 

Compound Analysis [Calc. (found)] % M ~teff. 
(298 K) 

C H N M 

[Pr2.6H20]2+2C1 - 28.091 (27.81) 3.66 (3.71) 4.10 (4.02) 20.62 (20.42) 131.3 3.59 
[Nd2.5H20]2+2C1 - 28.71 (28.50) 3.44 (3.20) 4.19 (3.99) 21.57 (21.88) 98.40 3.51 
[Sm2.6H20]2+2C1 - 29.23 (29.40) 3.81 (29.40) 4.26 (4.42) 22.89 (22.60) 151.20 1.80 
[Eu2.6H20]2+2C1 - 27.65 (27.50) 3.60 (4.00) 4.03 (4.13) 21.88 (21.60) 150.80 
[Gd2.6H20]2+2C1 - 26.06 (26.00) 3.57 (3.66) 4.00 (4.13) 22.47 (22.55) 143.13 7.86 
[Dy2.5H20]z+2C1 - 27.95 (28.01) 3.35 (3.50) 4.08 (4.21) 23.65 (23.55) 188.34 10.22 
[Er2.5H2OC1]+Ct - 27.76 (27.50) 3.33 (3.38) 4.05 (4.17) 24.18 (24.30) 62.43 
[Yb2.6H2OC1]C1- 26.83 (26.70) 3.49 (3.60) 3.91 (4.00) 24.18 (24.00) 72.18 
[Lu2-6HzO]2+2C1 - 26.76 (26.70) 3.49 (3.60) 3.90 (3.81) 24.39 (24.50) 120.41 

[Nd3.5H20]2+2C1 - 30.71 (30.60) 3.91 (4.00) 4.22 (4.10) 21.72 (21.66) 114.32 
[Sm3.6H20]2+2C1 - 29.64 (30.00) 4.07 (4.15) 4.07 (4.02) 21.84 (21.70) 135.81 
[Gd3.5H2OC1]+C1 - 30.12 (30.22) 3.84 (3.70) 4.13 (4.20) 23.22 (23.12) 55.31 
[Dy3.6H20]2+2C1 - 30.70 (30.60) 4.21 (4.11) 4.21 (4.25) 24.46 (24.50) 131.6 
[Er3.6H20]2+2C1 - 28.93 (29.03) 3.97 (3.87) 3.97 (4.00) 23.72 (23.60) 140.20 
[ Y b 3 . 5 H 2 O C l ] + C l  - 29.44 (29.30) 3.75 (3.60) 4.04 (4.14) 24.97 (24.80) 70.14 
[Lu3.6H20]2+2C1 - 28.16 (28.20) 3.93 (3.99) 3.93 (3.82) 24.54 (24.40) 98.17 

[Pr4'6H20]2+2C1 - 30.77 (30.52)4.22 (4.15) 4.22 (4.30) 21.26 (21.30) 115.20 
[Nd4.6H20]2+2C1 30.62 (30.70) 4.20 (4.15) 4.20 (4.31) 21.65 (21.41) 142.72 
[Sm4.5H20]2+2C1 - 31.18 (31.23) 3.97 (4.03) 4.28 (4.18) 22.98 (23.10) 173.10 
[Eu4.6H20]2+2C1 - 30.27 (30.30) 4.16 (4.09) 4.16 (4.18) 22.55 (22.40) 162.41 
[Gd4.6H20]2+2C1 - 30.03 (30.25) 4.12 (4.19) 4.12 (4.20) 23.15 (23.60) 161.32 
[Dy4.4H20]2+2C1 - 31.46 (31.70) 3.70 (3.82) 4.31 (4.12) 25.06 (25.15) 162.1 
[Er4.5H2OC1]+C1 - 30.39 (30.45) 3.87 (3.70) 4.17 (4.22) 24.92 (24.80) 47.33 
[Lu4.6H20]2+2C1 - 29.27 (29.38) 4.02 (4.12) 4.02 (4.17) 25.10 (25.18) 113.71 

4.20 
diamag- 
netic 

3.49 
1.56 
7.88 

10.24 

4.35 
diamag- 
netic 

3.61 
3.49 
1.88 

7.86 
9.81 

diamag- 
netic 

5 p6 octe t  b o t h  in their  spin and  orbi ta l  mo t ion ,  the magne t ic  m o v e m e n t  o f  a chelate  
should  indicate  whe the r  these 4 f e lect rons  take pa r t  in b o n d  f o r m a t i o n  or  not .  The  
magne t i c  m o m e n t s  o f  the present  l an than ide( I I I )  chelates,  r eco rded  in Tab le  1, 
show little devia t ion  f rom the Van  Vleck values  [9]  and  those  r epor t ed  for  8- 
h y d r a t e d  sulphates  [10],  suggesting the reby  tha t  4 f e lect rons  do  no t  par t ic ipa te  in 
b o n d  fo rma t ion .  On  the o the r  hand ,  the values o f  the cor rec ted  g ram susceptibilit ies 

x x 

scs. ! so3H H 
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of Lu-complexes amounted to -~ 1.33-10- 6 emu/gm indicating the diamagnetic 
character of these complexes, the fact which is expected since elemental analysis 
and molar conductance measurements showed that Lu interacts in chelate formation 
via its (+  III) oxidation state. 

The 1H-NMR spectra of the organic ligands in DMSO-d6 are compared with 
those of the diamagnetic Lu(III) complexes in the same solvent and at the same 
temperature. The most interesting signal is that appearing at very low field, i. e. at 

= 11.60- 11.82 ppm, which disappears in presence of D20; it is attributed to the 
hydrogen-bonded hydroxyl group in o-position to the azo linkage. In all Lu(III) 
complexes this signal completely disappeared indicating that complex formation 
takes place through proton elemination from the azo form I and not the hydrazo 
form II. This is also supported by IR data. 

The signals of the aromatic protons (7.30- 8.25 ppm) of the free ligands show 
some shifts downfields in the spectra of the solid chelates due to the deshielding 
effect of the metal ion on the ligand protons as a results of coordination process. 
The shift of the aromatic signals is expected since the formation of the M-N or 
M-O bond withdraws electrons from the aromatic ring resulting in a deshielding 
of the proton on the carbon atom adjacent to the azo group. 

In case of the Lu-5 complex, the strong signal found at 4.7 ppm due to the 
SO3H proton in the free ligand completely disappeared indicating the dibasic char- 
acter of the ligand. On the other hand, the signal at 3.55, and 2.7 ppm for ligands 
3 and 4 (corresponding to the OCH3 and CH3 protons) shifted slightly to lower 
field in the spectra of their Lu-complexes indicating some sort of deshielding due 
to complex formation. 

In the UV-visible region (200-  500 nm), the free ligands exhibit three absorption 
bands within the ranges 205 -  220, 230 -  265 and 320-400 nm which can be as- 
signed to the moderate energy 7t-~* transition corresponding to the (]L a .-- 1A) 
state, the low energy rc - rt* transition due to the (1L  b ,__ 1A) state within the aromatic 
moeties and finally to the charge transfer interaction within the whole molecule. 
However, the electronic spectra of lanthanide(III) chelates are dominated by ligand 
absorption bands with a hyperchromic effect. The domination of the ligand ab- 
sorption bands could be related to the high absorption coefficient of the ligands 
as compared to Ln 3 + ions which masks any splitting of the band [11]. 

The IR spectra of the dehydrated solid complexes are recorded and compared 
with those of the free ligands. Such comparison showed that the broad band within 
the range 3 300-  3 425 cm-1 corresponding to v OH disappears on complex for- 
mation; the v N =  N band of the free ligands found at 1 437 -  1 410 cm-1 shifts to 
lower frequencies by - 20 - 30 c m -  ~ on complex formation suggesting that complex 
formation takes place through simple covalent and coordinate bonds with the 
oxygen atom of the hydroxyl group and the nitrogen atom of the azo group, 
respectively. This also confirms that the azo structure and not the hydrazo form 
of the ligand is involved in complex formation. The IR spectra of all compounds 
under investigation show two bands within the range 1 620 - 1 580 c m -  ] which can 
be attributed to the C = C ring absorption suffering a very small shift on complex 
formation. In the far IR region, all Ln(III) chelates show bands of varying intensity 
at 240cm -1 and 215cm-1 due to (Ln-N) and (Ln-O), respectively [-11]. 

Thus the analytical and conductivity data, as well as the IR and electronic 
spectral data suggest that the lanthanide(III) ions are surrounded by coordinated 
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wate r  molecules  and  one  l igand molecule  b o u n d  in a b iden ta te  O, N fash ion  fo rming  
a c o o r d i n a t i o n  n u m b e r  o f  eight. 

References 

[1] Szadowski W. W. (1964) J. Chem. Stasowana, Ser As (3): 295- 303; (1965) C. A. 62:16143 g 
[2] Stepanov B. I., Korolev B. A. (1965) Zh. Organ Khim. 10:1789 
[3] Savvin S. B, Namvrina E. G., Tram R. S. (1972) Zh. Anal. Khim 27 (1): 108 
[4] Korolev B. A., Stepanov B. I. (1965) Mosk. Khim. Technol. Inst. 48:126 (Russ.) 
[5] Peghrov K., Gromova (1961) Prakischeskee Rukovodstvo Spektrofotometrii Kolorimetrii p. 41; 

(1966) C. A. 65: 18725c 
[6] Korolev B. A., Stepanov B. I. (1966) Zh. Obshch. Khim. 36(11): 1930 
[7] Vogel A. I. (1967) Practical Organic Chemistry, 3rd ed. Longman, London 
[8] Sirivagtava A. K., Rana V. B., Mohan M., Swami M. P., Jain P. C. (1975) J. Inorg. Nucl. 

Chem. 87:723 
[9] Van Vleck J. H., Frank A. (1929) Phys. Rev. 34: 494; (1929) 34:1625 

[10] Yost D. M., Russel H., Garner C. S. (1957) The Rare Earth Element and their Compounds, 
Ch. 2. Wiley, New York 

[11] Mohan M., Tandon J. P., Gupta N. S. (1981) J. Inorg. Nucl. Chem. 43:1223 

Received July29, 1991. Accepted September 13, 1991 


