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Abstract 
Complexes of La3+, Nd3+, and Eu3+ with  2-[(phenylamino)phenylazo]pyridine (HL1a) and  2-[(p-tolyamino)phenylazo]pyridine (HL1b)   have been synthesized and characterized by various techniques( elemental analysis , conductance measurements, magnetic susceptibilities, spectroscopic (IR , UV) . Molar conductance studies indicate (1:2) electrolytic behavior for these complexes . The IR spectra indicate that (HL1a) and (HL1b) act as amonoanionic an N,N,N-tridentate  donor with deprotonation of the secondary amine  .
الخلاصة
تم تحضير معقدات عناصرLa3+ ,Nd3+  وEu3+ مع ليكاندات
  2- [ ( phenylamino ) phenylazo ] pyridine ( HL1a ) و 2- [( p-tolyamino ) phenylazo
 pyridine (HL1b) وشخيص المعقدات المحضرة بواسطة تقنيات ( تحليل العناصر , قياس التوصيلية ,الحساسية المغناطيسية ,Uv و IR) .بينت دراسة التوصيلية المولارية  إن للمعقدات المحضرة الخواص التوصيلية وبنسبة (1:2) . كما دلت أطياف IR  إن اليكاندين  (HL1a)  و(HL1b)  يتفاعلان كليكاندين أحاديي الشحنة ثلاثية المنح من خلال فقدان بروتون الأمين الثانوي 
  Introduction 
             Some of the studies (Das S etal 2006, Sanyal A etal 2004, Kamar K K etal 2003, Kamar K K etal 2002, Kamar K K , Saha A and Goswami S 2002 ) indicate a wide interest in the coordination chemistry of the    2-[(arylamino)phenylazo]pyridine  ligand. Two positional isomers of this ligand, HL1 and HL2, isolated (Saha A etal 1999 , Saha A  Majumdar P and Goswami S 2000 , Saha A etal 2000). ( Panda M etal 2007) use  metalpromoted aromatic ring-amination reactions of the coordinated pyridyl-containing diazo ligand, 2-(phenylazo)pyridine (pap) (scheme 1). The reference amine fusion reactions have been shown to be regioselective, occurring at the ortho- and para-carbons (Saha A etal 1999 Das C etal 2003), of the phenyl ring in labile and inert metal complexes of pap respectively. While the o-aminated product, HL1,usually acts as a monoanionic tridentate N,N,N donor with dissociation of the amine proton, the p-aminated ligand HL2, on the other hand, coordinates as a neutral bidentate N,N-donor where the secondary amine nitrogen remains protonated and uncoordinated. 
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                   Scheme 1.Amination reaction at one coordinated di-azo ligand 
                                               has been shown for clarity 
       So the coordination behavior of the o-isomer (HL1) is completely different on the coordination behavior of the p-isomer (HL2) . The deprotonated anionic ligand [L1]– has the unique combination of a strong acceptor(Goswami S , Mukherjee R and Chakravorty A 1983 ) azopyridine group as well as a strong electron donor( Bryndza H E and Tam W 1988 , Fryzuk M D and  Montgomery C D 1989 ) secondary amido nitrogen, which act together in the stabilization of the variable valence states in the metal complexes. The coordination chemistry of this bischelating ligand [L1]– has some notable features. For example, it not only stabilises uncommon low-spin states of Mn(II)( Kadome M. CH2000) and Fe(II)( Kocaokutgen H . A etal 1999 )  but also produces stable anionic azo-radical complexes2 of high valent metal ions. In this paper, A wish to report the syntheses and properties of the lanthanide (III) (La3+, Nd3+, and Eu3+ ) complexes of the deprotonated and anionic ligand [L1]–. Lanthanide ions tend to coordinate with ( O ) and ( N ) donor atoms while ligands having ( S ) donor atom are not considered to be suitable for obtaining air moisture stable  Ln(III)  complexes (Voloshin A I , Shavaleev N M and Kazakov V P 2001 , Shavaleev N M etal 2005 Navaneetham N S etal 1985)  Recently( Ram and co-workers 2004) described the isolation of coordination compounds of some lanthanide III chlorides with 4-[(furan-2-ylmethylene) amino]-1,5-dimethyl-2-phenyl pyrazol-3-one (FDPPO) and isonicotinic acid (3/,4/,5/-trimethoxy benzylidene)hydrazide (ITMBH) ligands. The authers suggested  the general composition [ Ln(L)2Cl3], Ln = La, Pr, Nd, Sm, Gd ,Tb, Dy, Ho for the prepared complexes .The coordinating ligands (FDPPO) or (ITMBH) act as neutral bidentate ( N ) and ( O ) donor and the central metal ion display the coordination number 7 in these complexes . The tentative structure of the complexes may be represented as 
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    Lanthanide achieved coordination numbered 9 by the reaction with N-benzoyl-acetoneglycine(Wu J Q etal 1999).Many evidences suggest that the ligand act in monobasic tridentate manner and bonds to Ln(ІІІ) ions through the carbonyl   oxygen , enamine, nitrogen, and carboxy group. The composition of the complexes was suggested to be Ln(HL)3.2H2O (Ln = trivalent lanthanide cations , L=C12H11O3N-2 ) 

[image: image3.wmf]C

O

O

H

2

C

N

H

C

H

3

C

H

C

C

O

C

O

O

C

H

2

N

H

C

H

3

C

C

H

C

O

L

n

C

O

C

H

2

N

H

C

C

H

3

C

C

O

O

H

2

H

2

O

                                                                                                                                                     Ln(HL)3.2H2O

Experimental
Materials
     Commercially available LnCl3⋅xH2O (Ln= La3+, Nd3+, and Eu3+) was digested twice with concentrated HCl before use.The ligand 2-[(arylamino) phenylazo]pyridine was synthesized as reported earlier.( Saha A etal 1999 , Saha A  Majumdar P and Goswami S 2000 , Saha A etal 2000). All other chemicals and solvents were of reagent grade and used as received.

Physical measurement 
      A Perkin–Elmer 240C elemental analyzer was used to collect microanalytical data (C, H, N). The IR spectra were obtained using a Shimadzu FTIR-8400 spectrophotometer. Electrochemical measurements were performed at 298 K under a dry nitrogen atmosphere on a PC-controlled PAR model (370-4) electrochemistry system. 
Synthesis of complexes 
              All complexes were prepared in a  M:L  ratio of  1:2 by dissolving  0.548 , 0.576  g ( 0.002M ) of  HL1a , and HL1b respectively in minimum quantity of ethanol . The ligand solution was added gradually with stirring to the metal salt solution containing an accurate amount of each metal salt dissolved in buffer solution with an appropriate  pH(6-7) .The mixture was stirred until deep colored precipitate was appeared . The solution mixture was filtered off and the precipitate was washed several times with a (1:1) (water : alcohol) mixture then left to dry. 
Results and discussion 
      Two HL1 ligands, viz. 2-[(phenylamino) phenylazo] pyridine (HL1a) and 2-[(p-tolylamino) phenylazo] pyridine (HL1b), were used in this work. The reaction of the salt LnCl3⋅xH2O with HL1 in boiling methanol afforded a brownish green mixture in about 5 h. The reaction required vigorous degassing with nitrogen. The analytical data (Table 1) indicate that the complexes have 1:2 (metal : ligand) stoichiometry and  be represented the general formula[Ln(HL)2Cl] . The lanthanide complexes are stable  and nonhygroscopic ,and brownish green in color. The molar conductance data ( see Table 1) of the complexes in DMF at ( 10-3 M ) is in the range of ( 150.60-189.19 ) ohm-1cm2mol-1 , which indicates (Zero) electrolytic nature of the complexes.
Table 1. Some Properties for the Prepared Complexes.

	Compound
	Color
	%Elemental analyses
	Λm(S.mol-1Cm2)

	
	
	C

Foun(calc)
	H

Foun(calc)
	N

Foun(calc)
	M

Foun(calc)
	X

Foun(calc)

	Ethanol
	DMF

	[La(HL1a)2Cl] Cl2
	Dark Brown
	46.32(51.42)
	4.31(3.27)
	13.25(14.11)
	16.36(17.50)
	13.10(13.42)
	82.91
	158.97

	[Nd(HL1a)2Cl] Cl2
	Brown
	44.22(51.08)
	4.16(3.25)
	10.99(14.02)
	17.44(18.05)
	13.23(13.33)
	75.85
	150.60

	[Eu(HL1a)2Cl] Cl2
	Red Brown
	44.67(50.56)
	4.18(3.22)
	12.36(13.88)
	18.89(18.83)
	12.88(13.19)
	88.52
	156.43

	[La(HL1b)2Cl] Cl2
	Brown
	46.59(52.25)
	4.72(3.89)
	12.15(13.65)
	16.50(16.91)
	12.17(12.96)
	84.36
	164.00

	[Nd(HL1b)2Cl] Cl2
	Red Brown
	50.55(52.25)
	4.60(3.87)
	11.96(13.54)
	17.42(17.44)
	12.34(12.88)
	96.88
	183.06

	[Eu(HL1b)2Cl] Cl2
	Light Brown
	47.65(51.76)
	4.13(3.83)
	13.17(13.42)
	17.34(18.21)
	12.19(12.76)
	77.94
	189.19


  Magnetic studies :-

        The effective magnetic moments(µeff) of all the complexes measured at (250C) by used equation below

µeff= √xA.T…B.M

XA=XM-D

XM=Xg.MWt

µeff= Effective magnetic moments
T=Absolute temperature (250C)

XA=Atomic susceptibility

XM=Gram magnetic susceptibility

D=Diamagnetic function (gm-1 atom-1)

     The values of effective magnetic moments (Table 2) indicate that they are paramagnetic in nature except La(ІІІ)  are diamagnetic . The values obtained are similar to those of typical lanthanide ino (Messimeri A  etal 2002) and indicate the noninvolvement of 4f electrons in bonding due to their very effective shielding by the 5s25p6 octet . 

UV-visible spectra 

       The electronic spectral data of representative complexes are given in ( Table 2). The free ligand shows two high- energy transitions at 420 and 258nm of which the first is assigned to the n→π* and the latter to the π→ π*transitions, respectively. The electronic spectra of the complexes are charaecterized by a strong absorption near 600nm . The UV-vis spectrum of the cationic tris chelate, [Ln(HL1)3]2+,

comprises a strong absorption in the range 590-610 nm, which is associated with a shoulder near 500 nm. There is also a strong band in the UV region. The intensity of the lowest energy transition in these complexes is unusually high, which vary with the change of substitution R on the ligand HL1. Such highly intense transitions were noted before(Lacrix P.G. 2001) in some related systems containing donor-acceptor functions. The broad transition at 492 nm for[Ln(HL1b)3]2+ was assigned to a metal-to-ligand  charge transfer (MLCT) transition. Comparison of the above spectra indicates that the MLCT transition in [Ln(HL1b)3]2+ also appeared at 494 nm. The band near 600 nm is due to an additional allowed transition, which is responsible for the intense blue color of its solution. The ligand HL1has the donor amine as well as the azo acceptor functions, which are separated by a conjugated spacer. The acceptor property of the azo-chromophore is ugmented upon coordination to the lanthanum center. An interesting trend with respect to the lowest energy transitions in two pairs of the following complexes is noted. 

Infrared spectra 

         The diagnostic IR frequencies of the ligand (HL1a  and HL1b) and its complexes are compiled in (Table 2) . One of the most important observation in the IR spectra of the complexes of  HL1 is the appearance(Mitra K N  etal 1998) of ν(N˗H)  in the range 3400-3385 Cm-1 .The abilities of the azo ligands to act as strong π-acceptors toward low valent metal ions are well documented(Kharmawphlang W , Choudhury S, Deb A K , Goswami S ,1995 ) .The azo imine orbitals in these complexes are strongly involved in  π-interactions. Thus the ν(N˭N) stretching frequencies in the complexes of  HL1 are appreciably lowered(Kharmawphlang W , Choudhury S, Deb A K , Goswami S 1995 , Velders A H  etal 2000) as compared to that for the free ligands. 
Table 2. Spectral and electrochemical data.

	compound
	IR(KBr)( ν/cm-1)
	Abs.a [λ max.(nm)( ε,M-1cm-1]
	Magnetic Moments 

	
	ν(N-H)
	ν(C=N-N=C)
	ν(N=N)
	
	Theoretical 
	Experimental

(B.M)



	
	
	
	
	
	µs=√4S
(S+1)
	µS+L=√4S
(S+1)+L(L+)
	

	HL1a
	3410
	1160d
	1450
	-----------------------------------
	-------
	---------
	------

	[La(HL1a)2
Cl] Cl2
	3400
	1175d
	1385
	725(7003),657(5721),557(29285)

,457(19640),370(13003), 290(43254)
	0.00
	0.00
	0.00

	[Nd(HL1a)2
Cl] Cl2
	3395
	1155d
	1380
	740(6897),659(5233),550(28345),

455(18389),368(14802),273(35435)
	3.87
	7.10
	3.24

	[Eu(HL1a)2
Cl] Cl2
	3385
	1145
	1390
	730(6962),667(5479),560(28835)

,459(19016),358(13904), 283(39354)
	6.90
	7.70
	3.55

	HL1b
	3415
	1163d
	1465
	---------------------------------------
	-------
	---------
	------

	[La(HL1b)2
Cl] Cl2
	3410
	1178
	1390
	878(3698),620(24151),572(24081)

,466(23810),335(19627),290(41247)
	0.00
	0.00
	0.00

	[Nd(HL1b)2
Cl] Cl2
	3390
	1160d
	1380
	890(3704),680(25147),561(23406),

481(21645),345(19546),284(36624)
	3.87
	7.10
	3.21

	[Eu(HL1b)2
Cl] Cl2
	3380
	1140
	1385
	890(3687),665(24142),557(21357)

,475(18462),362(15758),295(30822)
	6.90
	7.70
	3.34
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