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SPECTROSCOPY LElTERS, 32(4), 581-600 (1999) 

Stereochetnistry of New Nitrogen Contciining Heterocyclic Aldehydes. II. 

Novel Bis-Bidentute Azodye Coiily ouncls 

Ashraf A. El-Bindary and Adel Z. El-Sonbati 

Department of Chemistry, Faculty of Science (Demlatta). Mansoura University, 

Demiatta, Egypt 

ABSTIUCT 

A novel family ofchelating bis-bidentate azodye compounddwith Cu(ll), Co(ll), 

Ni(II), Fe(lI), Hg(ll), Pd(ll), U02(l l ) ,  Fe(lll), Cr(lll), La(lll), Ru(ll1) and Zr(1V) has 

been prepared and characterized on the basis ofanalytical, inagnetic, '13 and I3C NMR, 

EPR and electronic spectral studies. Tentative structures tor the polymeric complexes 

are proposed. The important 1R bands and the main 'H  and "C signals are assigned and 

discussed relative to the ~nolecufar structure. Various EPR parameters for Cu(II), have been 

calculated. The ligand acts as a dibasic bis-bidentate chelating agent coordinating 

through CO, N=N, COOH and OH groups by replacement o fa  proton from the two 

latter groups. Considerable interest has also been focused on the synthesis ofthe azo 

compound and its polymeric metal complex due to its wide potential applications. The 

thermal decomposition behavior ofthe complexes is also discussed. 
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582 EL-BINDARY AND EL-SONBATI 

I N'I'KOI) UC TlON 

In contin~iation o f o ~ i r  theoretical and pi-actical interest in the synthesis and study of 

new families of'coinplexes with qtiinoline derivatives, much interest has been given to 

the synthesis ol'novel chelaring bis-bidentate azodye models. 

Because there is a limited number of reports concerniiig the reaction of bis- 

bidentate azo coinpounds w i t h  d-and/or f-block elements. Only El-Sonbati has 

investigated the complexes of 8-hydrosy-7-q~iinolinecarboxaldehyde (oxine) and its 

Schiff bases'.". 

El-Sonbati and El-Bindary were the tirst who prepared 5-(2-carboxyphenyldiazo)-8- 

hydroxy-7-quinolinecarboxaldehyde (LH?) and isolated its solid polymeric complexes 

with metal halides in various oxidation states. 

The synthesized complexes ofthis type of'ligaiid which has inany potential donor 

sites, exhibit biological activity and industrial importance. I-ience, the reaction ofthe 

above ligand with several iiietal ions may lead to the preparation of binuclear coinplexes 

with interesting chemical and physical properties. Illtiinately these studies are related to 

the rational design and synthesis of new metal-concaining agents with anticancer 

activity'. In certain instances the coiiiplexing product with Pd(l1) has an agent with 

more activity than that of the ligand only. 

EXPERIMENTAL 

All metal salts and organic materials were reagent grade products. 8-hydroxy-7- 

quinolinecarboxaldehyde (oxine) was prepared according to the method of El-Sonbati 

Prepordon ojthe Novel Azo Conpound 

2-carboxyaniline (1.4 g, I0 mmoles) dissolbed in hydrochloric acid (20  mmoles/25 

mL distilled HzO). The hydrochloric compound was diazotized below -5 "C with a 

solution of sodium nitrite (0.8 g, 10 mmoles/30 mL distilled H20). The diazonium 

chloride was coupled with an alkaline solution of oxine ( I  .7 g, 10 mmoles). 
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N CONTAINING HETEROCYCLIC ALDEHYDES. I I  583 

l'he crude dye was collected by filtration and was crystallized fi-om 

diiiietliylfortiiainide, then dried in  a vacuum desiccator over PzOj . Yield ( z  I .6 g) 65 

96; m.p. 290 "C; pink (MU'. 321). (Found: C, 63.6, 1-1. 3.4, N,  13.1. Calcd. lor 

C,,H, ,N30,: C, 63.8; H, 3.3; N,  12.9 ?6). 'l'he purity was checked by elernental analysis 

and 1K spectra. The '1-1 NMR spectrum slioivs characteristic bands at 6 = 3.4, 7.1 and 8.9 

ppin for carboxy group, phenyl protons and two hytlroxy protons, respectively. 

Preprrrution o j  the Me~crl Coniplexes 

All the inetal complexes in this wot-k were ~~repareil  using a I : I meval salts : ligand 

iiiolar ratio following a general method. 1101 solutions of anhydrous metal salts ( I0 

mmoles), in EtOH (30 mL) and a solutions of the required amount of 5-(3- 

carboxyphenyIdiazo)-8-h~droxy-7-quinolin~carboxaldeliyde (LIH,) (0.8 g, 3.5 mmoles) 

in EtOH (30 mL), \+ere stirred at room reinperatur-e and then maintained at reflux 

temperature on a water bath foi- 3 h .  l'lie products wet-e liltered, washed M i t h  EtOlH. E t 2 0  

and dried in vacuo to give the pol! meric complcses as powdcr. Yield in  'Fable 1 .  

C, H, and N were determined by the standard micromethods in the niicroanalytical 

unit of Mansoura University, Egypt and the iiietal cotitents 01' the complexes were 

estimated by standard methods"" . The ohe r  Ineasttremtnts were carried out as reported 

RESULTS AND DISCUSSION 

The compounds prepared are listed i n  'fable 1 ,  together with the analytical data. The 

presence of coordinated water was confirmed by TG data where loss in weight 

corresponding to one water tnolecule for compound (3), and two water molecules for 

compound ( I ) ,  (2) and (7) occurs at 280 "C. No coordinated water niolec~iies were 

found in compounds (4) - (6) and (8) - ( 13). 

Injrured Spectru 

A partial assignment of the absorption bands observed for LH, and the metal 

complexes is given in Table 2. 5-(3-Cai~boxypIienyIdiazo)-8-hydroxy-7- 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
3
:
2
0
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



5 84 EL-BINDARY AND EL-SONBATI 

Table 1. Analytical and Magnetic Momrnt Data [or Coiiiplexes Derived froin LM, 

( 5 )  [FeL.CI]t .OH2 
C,,H, ,N,O,CIFe 

(61 (CrL.Cl],,.Otf, 
C,,H,,N,O,CICr 

50.0 3.0 10.3 15.0 9.0 

(49.7) (3.1) (10.0) (15.2) (8.6) 

49.1 3.2 10.3 14.4 9.0 

(49.3) (3.1) (10.2) (14.2) (8.7) 

50.0 3.0 10.0 14.0 9. I 

(49.7) ( 3  2 )  (10.2) (13.6j (8.8) 

54.1 3.6 11.0 l5 .5  - 
(53.0) (3.4) ( 1 1 . 1 )  15.6) 

50.0 2.2 10.4 14.0 8.9 

(49.7) (2.2) (10.2) 14.3) (8.7) 

50. I 2.  I 10.0 13.0 9.0 
(50.2) (2 .2 )  (10.3)  (17.8)  (8 .71 

48.3 3.0 10.2 16.0 8.9 

(48.5) (3.1) (10.0) (15.0) (8.6) 

49.8 2.0 10.0 24.8 - 
(50.0) (2.1) (9.9) (25.1) 

34.7 1.5 7.0 41.0 - 

(34.6) (1.5) (7.1) (40.4) 

39.1 1.2 7.9 - 
(39.2) (2 .1)  (8.1) 

j 7 . 5  1.9 7.6 16.4 13.2 
(37.5) (1.8) (7.7) (16.7) (13.0) 

41.6 3.2 7.8 18.8 6.7 
(41.6) (2.9) (7.7) (18.5) (6.5) 

37.9 2.0 10.3 26.2 - 

(37.8) (1.9) ( 1 0 . 4 ~  (75.9) 

1.92 

4.82 

5.10 

1.87 

2.62 

3.89 

dia. 

dia. 

dia. 

dia. 

dia. 

1.13 

dia. 

58 

62 

65 

55 

67 

53 

68 

60 

55 

64 

54 

50 

45 
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N CONTAINING HETEROCYCLIC ALDEHYDES. 11 585 

(Cont. Table 1 .) 

L is the anion ot L H 2  

Air-stable, inaoluble i n  1I2O and comiiiun organic soivc~its,  were coniirincd by spot test 

technique, its characteristic odour and fumes with Nti,Otl so Iu~~o i i .  

Per metal ion and measured at rooin temperature 

' The stoichioinetry 0 1  the complexes obtained after d r j  i i ig at I 10°C bows tile presence of 

water nioIecuIes. On lieaiiiig ilie camplescs ilt  I h O T .  [lie iiirls luss corraspunding to the loss 

of  the water molecules pieseni  l h e  anhydrous residual mil>> i n  each c a s ,  which was 

subjected to elemental analysis, corresponded to the btoichioiiietry (ML),,,  which confirmed 

that the water molecules W ~ J C  prehent i n  the coordinated tbr in .  the presence of  coordinated 

water was confirmed by T G  data irhere the loss in weight corresponded to onz or two water 

molecules. 

~1.k magiieiic iiioi~ieiit I >  2 b? U.b1 u,tiicIi i n u y  sceiii anotiia1ous. the +I'<. value IS too sinail 

tor high-,pin [S = 5/21 ui- IC)O Iargi' for luw-spin IS= l i 2 )  i ioi i(1ll) complexes. For iron(1ll) 

compounds of intermediate spin (S  = 3 / 2 ) ,  the cxpzcted gcl.1 vaii ic IS a. 4.00 B.M. The 

intermediate value o b x r v e d  liere caii result from, ( 1 )  aiiii-lcrroiiiagneti~ types of interactions 

assuming a triniei-ic s t ructure .  iii 1 a bpiii equilibrium between IOU, and liigli-spin stated and 

( i i i )  a quantum mechanical nitxiiig o f ~ p i n  statesJ. A triiiuclrar striictuie does not f i t  with the 

analytical data and l i e n c ~  iiiust be d i ~ e ~ i - d c ~ l .  l l i e rc  ii. tlicii, [lie possibility oftlie second and 

third alternatives. But t o r  the third, the spin-admixed bybteiii usually occurs between quarter 

and sextet states. 'I'ht: i i i u i i i w t  2.62 U.M. is low l o r  such  il b y s t m i .  Tlie second alternative, 

thai  a spin equilibrium e x i s t s  berwsen low and htgli-spin s t a m ,  is more appropriate. 

Equilibria of the type (S = I t ? )  (S = 512) are wel l  characlerizzd Ior several iron(l1l) 

compounds?'. 

Lower than the value expected For oiie unpaired electron fhis inigli~ be either due to the high 

values of spin-orbit coupling constraints iii tlic heavier transition e l e i n e i i t s  which often lead to 

very low magnetic nioiiieiits or  ~ i i e t ~ I - n ~ e t ~ I  iiitcractioii or e ~ t e i i s i v e  e~ectron deiocalisation'j. 
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586 EL-BINDARY AND EL-SONBATI 

Table 2. Characterstic IR Bands (ctn-I) and Thermal Data of Lli, and its Complexes 

Speciesd v (C-0 )  v(C=O) v(N=N) Coordinated Stab. Temp. Peaks "C 
range 

phenoli carbony azo H,O molecule TG ' C  DTA DTG 
C i 

1340 

1350 

1353 

1360 

1358 

1365 

I 367 

I 355  

1365 

1368 

1365 

1364 

I360 

I378 

1710 

I695 

I690 

169.3 

I696 

1700 

I685 

1705 

1690 

1700 

1698 

1695 

1690 

I680 

1540 

I530 

6 525 

1530 

1520 

I535 

1525 

1532 

1528 

1530 

1532 

I534 

I530 

I480 

3460,825,700 235 

3390,830,705 245 

3355,835.7 I5 250 

240 

260 

711 --_ 

3320,833.70b 1 5 5  

270 

280 

730 

235 

215 

230 

150 exo, 250 endo 

265 exo, 450 exo 

160 exo, 270 endo 

180 exo, 470 exo 

155 exo, 280 endo 

301 exo, 530 exo 

245 endo, 250 ex0 

500 exo 

230 endo, 255 exo 

520 exo 

225 endo, 245 exo 

5l0exo 

205 exo, 240 endo 

250 exo, 540 exo 

270 endo, 290 exo 

63 0 exo 

260 endo, 285 exo 

610exo 

336 endo, 258 exo 

410 exo 

225 endo, 245 exo 

400 exo 

150 exo, 200 exo 

320 endo, 670 exo 

170 exo, 290 exo 

230 exo, 570 exo 

270 

462 

290 

48 1 

269 

540 

267 

510 

256 

530 

266 

520 

255 

562 

640 

240 

615 

240 

395 

236 

395 

305 
660 

280 

550 
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N CONTAINING HETEROCYCLIC ALDEHYDES. 11 587 

(Cont. lable 2) 

a See Table I .  

b vOH phenolic 3400, vO1-I stretching 3030, \OIH detbrniatlon 930, vC=O stretching 1660, v C 0 0  

symmetnc stretching 1395 cm-'. 

L F,, = 6.912 (mdydA"), rll0 = 1.736 (A') 

d The peaks at 885, 1055, 1105, 1270 a id  3Y30 c ~ i i - ~  are due to ethanol since they all appear in the 

specuum of neat ethanoP6. 

for the complexes : ( 1 )  730; (3) 245; (4) 760; ( 5 )  250, 

(6) 280; ( 7 )  3 10; ( 8 )  340; (9) 330, (10) 290; 

( 1  I )  300. (12) 350 ;u1d i 13)  110 cm-1. 

quinolinecarboxaldeliyde (Fig. I ) possesses five poteniial donor sites: ( i )  carboxylate 

oxygen; (ii) azo nitrogen atom; (iiij carbonyl oxygen atom; (iv) phenolic oxygen and (v) 

nitrogen pyridine. Due to the I ,2-position of these donor gro~ips in the molecule, six- 

membered chelate ring t'ormatioii is possible on coniplexing (Fig. 2) .  

The spectrum of the ligand shows a broad band centered to v(OH)( 1400 

(intramolecular hydrogen bonded). There are other bands v(N=Nj( 1 j40), 

v(C=Oj(carbonyl group)( 17 10) and v(C=N)(quinoline ring)( 1540 cm.l)'-".". The 

broadness ofthe OH stretching band at 3030 cn1-l and the out-of-plane OH deformation 

band at 930 cm-' in the ligand is indicative of a hydrogen bonded carboxylic acid group. 

The strong band observed at 1660 ciii--I in the liee ligand is assigned to the carbonyl 

siretch of the carboxylic acid group','". Ionization of the carboxylic acid results in 

equilibration of the two C - 0  bands ofthe carboxylate group and disappearance of the 

characteristic carbonyl absorption. Two new bands are generated in the ranges 

[symmetric) I 620 -1 5.55 and (asymmetric) 1440 - 13 10 cin-l due to vibrations of the 

COO- structure". This points to the probable existence of a Zwitter ion as in the 

structure of Fig. 3. 

Further proofto the azo moity is the appearance of two bands 140S(C-N) and 1260(C- 

0) c1n-l. In all the complexes the strong carbonyl band disappears and is replaced by a 
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588 EL-BINDARY AND EL-SONBATI 

OH 

o=c N = N  
\ 
OH 

2 

7 0=c N = N  

Fig. 1 : Structure of the ligand 

Fig. 2 : Structure of Metalchelates 

Fig. 3 :  Ionization of the Carbowylic acid and 
existance of a Zwitter Ion 
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N CONTAINING HETEROCYCLIC ALDEHYDES. I 1  589 

strong and broad absorption at I395 ++ 5 ciii-' which is assigned to the symmetric 

vibration ofthe carboxylate group". 

The difference between v ,~~, , ,  COO and v,).,,, COO ( v )  can be regarded as a measure 

of the type of M-COO bond. If i lv  > 325 cm-l i t  is mainly ionic. 'l'lie v value for LH2 

is 265 ern-', confirming the co\alent character 01' the -COO1-1 group. Av Values are 

larger than 325 cm-' for all the complexes, indicating a covalent bond, except [or 

compound (13) (see footnote, Table 2). 

The absence of both the 0-1-1 stretch and delormation absorption bands and the 

replacement of the C=O vibi-ation by a band assigned to the cai-boxylate group in the 

spectra of the nlelal complexes is indicative of  the metal attachment as an anioiiic 

ligand via tlie carboxylate oxygc.11 atom. 

Also, in all the complexes the 3400 cm.' band dibappeared. However, a broad band 

characteristic band of \.OH of coordinated water is observed i n  the 3500 - 3200 crn" 

region in the spectra of the complexes" ( 1 )  - (3) and (7). 'The presence of coordinated 

water is hidier coniirmed b!, tlie appearance o f a  mi-ligand band in  the S30 - 740 c i f  

region assignable to a rocking inlode ofwcltel-". Also,  the complex does not lose weight on 

heating at I 10 "C for one hour, so water o r  ethanol is coordinated. I n  compound (12) the 

presence of a new band at 970 - I010 cni.' due to v(C-0) stretch indicates ethanol 

coordination, the v(C-0) in ethanol o c c ~ i r s ~ ' ~ ~  at 1034 ciii-l. The absence of 

vOH(pheno1ic) at 3400 cm-l in the spectra ofthe metal complexes stippoit the cleavage 

of intramolecularly hydrogen bonded'-J ON and subsuqurnt deprotonation of the 

phenolic group and contirmed by shifts to higher Ikeqtiency in v (C-O)(phenolic) by 20 - 
30 cni-'. A shift to I o w I  frequency of v(C=O) and v(-N=N-) in the spectra ofthe 

complexes reveals their involvement i n  complex forination. A bathochroniic shift ofthe 

-N=N- band located at I540 c1n.l in the free ligand, is observed on complexation (1535 - 
1520 cni-'). As the strength the metal-carboxy bond decreases that of-the metal-azo 

link increases, leading to lower v(-N=N-). The spectrum ofcompound ( I 1 )  does not 

show any bands due to Zr-0 or Zr-0-Zr stretch indicating the absence of these groups. 

Two bands due to v(Zr-N) in the complex suggests that the azo conipound occu-position. 
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5 90 EL-BINDARY AND EL-SONBATI 

The medium inwnsity band around 440 cm-' is due to !lie (Zr-0) vibration. The observed 

constancy in the frequencies of' these bands shows that the coordination number six has 

been maintained in the complex. The azo compound favors the cis-position in the 

complex whereas the chlorine atoms occupy trans-posi:ion. 

l'he IK spectrum ol'cuniplex (I 3 )  show5 t\vo sti-oiig absoi-ptions at - 1475 (v,) and 

I290 cm" ( v I )  dcie to the coordinated C,\, nitrate group. I'he magnitude oPv, - v l  is 180 

cn-l  indicating that the nitrate group is coordinated in  B biden[ate posilion'. No change is 

observed in vC=N ofthe guinoline ring, indicating iloii-iiivolveiiient in coordination. 

i2.lugnetoclieniicuI ~ n i d  Ligcinrl Field S)cctr(ii Stirdies 

The experimenral inagiletic iiionieiits of the complexes are listed in Table 1 ,  The 

values obtained tor the complexes ( I  ) - ( 6 )  and ( 1 2 )  are paramagnatic while the rest are 

diamagnetic. The values for ( 1 ), ( 6 )  and ( 13) are 1.93, 3.89 and I .3 I B.M., respectively; 

the value for complex (5)  indicates a low-spin coinplex while complexes (2) and (3) are 

high-spin. The observed  due lbr  coinpiel  (4) lies between those expected for low-spin 

and hlgli-spin'", which niab be due to an cqtiilitxitiiii bciween thew slates. 

The electronic spectra ofthe complexes are stiiiimarized in 'fable 3 together with the 

proposed assignment and suggested geometries. 7'he results obtained are in good 

agreement with other spectra and the literature. 

The electronic spectrum of the ligand showed two absorption bands in the visible 

region at - 25000 and - 2 1750 - 20830 cm-l due to azohydrazone tautomerisrn 

(Fig,4), well-knoNn in  such system;'. The lower wave length band must be assigned to 

the rr - fl' transition of the azo form since all compounds i n  which the -013 group is 

methylated or complexed exist only in the a m  form and show a single intense absorption 

at -2 1750 - 20830 ciii.' band must, therefore, be attributed to the 

hydrazone form in agreement with the earlier observation that the hydrazone form 

generally absorbs at a longer wave length". 

-25000 ~ 1 1 1 ~ ~ .  The 

In the o-carboxy compound, intramolecular I-I-bonding as shown in Fig. 4 is possible. 

Esterification of the -COOH group is then expected to result in a large hypsochromic 
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N CONTAINING HETEROCYCLIC ALDEHYDES. I I  59 1 

shift of the absorption niaxiniuiii because the rl'-level will ceiiainly be lower in energy 

in the H-bonded form due to a shifi of the electron density from the N-atom towards the 

H-atom". Thus, the observed hypsochromic shifts are consistent with intramolecular H- 

bonding. Such bonding is not favored in the corresponding hydrazone which, 

.consequenrly, is much less stable in the lkee acid. Beca~ise ofthis die tkee acid shows 

only a single absorption peak coi-responding to the azo lbrin. 

EPK Studies of'the Copper(11) Complex 

The EPR spectrum of compound ( I )  with g I, > g, > 2.0023 (free electron spin) 

characteristic o f a  tetragonally distorted ocvahedral geometry with dx-.y- orbital lowest in 

energy. Various parameters have been calctilated by the mehod of approximation 

suggested by Knebuhl'' and and the values are given in Table 4. The g,, and g, 

values obtained in this compound suggest that the principal axes of the octahedral are 

parallel to each other and all the sites are equivalent in every orientation in the static 

magnetic field. The g,i obtained for compound (1) is less than 2.3 indicating covalent 

character ofthe meval-ligand band'. Further, the value is consistent with the mixed Cu-N 

and Cu-0 bonded copper complex. ?'he axial symmetry parameter (G) for the compound 

(1) is found to be greater than 4 (Table 3) .  The calculated gdv. is in agreement with an 

orbitally non-degenerate state'" . The trend g > gl> g, (free ion spin value) indicates the 

presence of an unpaired electron in dx2-y2 orbital. 

I ?  

Approximate metal-ligand o-bond coefticients (a'), which are defined as the 

fraction of unpaired electron density located on the copper ion, for this sample under 

study was calculated, neglecting the 11 -bonding. with the help ol'the optical absorption 

data in the solid state using the relation 

g,, = 2.0023 - ha'IAE, 

where h = -828 cm-'. The a2 value (Table 4) for compound ( I )  indicate considerable 

covalency in the bonding between Cu(ll) ion and the ligand, comparable to that obtained 
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592 EL-BINDARY AND EL-SONBATI 

Table 3. Electronic Spectral Data ofthe Compleszs  foge ether wlth the Assignments and 

the Proposed Geometries. 

Speciesdh Band Position (mi-1) Assignments Geometry Ref. 

15385 lEs+ !T?, Octahedral 
25 100 CT 

I 1220 

14650 
16830 
20988 
25870 
3 I700 
33900 

14952 
25560 
3 1280 

15140 
2 I880 
25 I50 
33380 

I6999 
28 100 
30800 

23700 

17510 
10000 
25590 

Octahedral 

Distorted- 
octahedral 

Pseudo- octahedral 

I'srudo- octahedral 

Square-Planer 

Octdiedral 

9 

7 

9 

7 

5 

24 

7 

25 

4 See Table I, The r lec t ro i i i~  spsctl-a of the tii'w c o ~ ~ ~ p l ~ x c s  are characterized by sinal l  shiAs a id  

splitting of the ligaiid baiids and iiii~iist' nletal-to-ligiuld chargi'-Lnulsli.r bmds, originating in the [Jv 
and trailing oft' into [lit visible region. Metal-to-ligand clic~rgc.-~rai~slLr balds are con~inon in aromatic 

azo aid  aroitiaw atiiitie co~npuunda. 
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,COOR 

Fig.& : Azohydrazone tautomrism and intramdocular 
H- bonding of the 0-Carboxy Compound 
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l'able 4. Electron Paramagnetic liesonaiicc Spectrum of Compound ( I 1 

Species* gll g, gav G a All (cm.') 

I 2.2533 2.0162 2.1019 >4 .46 8 4 . 6 ~  

*Number as given i n  'l'able 1 .  

g,, = 1/3[gll i- 2g,], 6 = gll - 3 g- - 2 = 9.7 (this value is higher than 4 in compound ( I ) ;  

exchange interaction IS considel-ecl to be absent). 

by El-Sonbati et a13,5,7,13. The super-exchange splitting constant A,, was obtained (Table 

4) semi-empil-icaily, according to ~ryce"'. tiorin 

u' = A,;/P + (g:, - 2.0023) + 3 i7  (g: - 2.0023) T 0.04, 

Where P = 0.036 ern.'. The small super-exchange splitting constant Allvalue and the 

shape of  the spectrum exhibit similarities with comparable data for the blue copper 

proteins , characterized by small values of the parallel electron spin-nuclear spin 

hyperfine coupling constants (All I I 00  ~10.'' cni-I). 

Therniul Decomposition Studies 

The thermal decomposition data (Table 2) of'the complexes exhibit wide ranges of 

stability fi-om ambient to - 235 OC. Two main decomposition steps characterize the 

thermal behaviour as represented by two TG peaks around 240 - 320 and 400 - 600 "C. 

DTA curve shows a siinilar behaviour for all the compounds"5'8. The first peak resolved 

into two s t e p ~ " ~ " ~ .  One is a ~ z a k  sharp endotherniic peak and the other is a medium 

exothermic peak, in the case for all complexes. The endothermic peaks refer to the 

decomposition of the polyinz~ic complexes before they melt. The ultiniate decomposition 

residue on heating in air is found to be the oxides ofthe general formula MO for all the 

metal coinplexes investigated, except those ofCo(l l)  and tlg( I f ) .  The tinal residue was 
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found to be Co,O, for the Co(ll) complex. For Illy there is iio a residue because ofthe 

sublimation. 

The thermal behaviour of the metal complexes was investigated by differential 

thermal analysis (DTA). A different pattern was observed in  the DTA curve of 

compound ( 1  I ) ;  tlie endothermic peak at I08 "C is d ~ i e  to tlir rrmoval ol'uncoordinatzd 

water and ethanol, while the exothermic peak at 398 "C is due to the removal of 

hydrogen ,411 exothermic peak corresponding LO Iorination o fZr02  appears at 

690 "C 

For compounds ( 5 ) ,  (6), (13), ( I )  - (3) and (7) DTA curves show;(i) the eliinination of 

uncoordinated and coordinated water molecules at ca. I02 and 480 "C, respectively; ( i i )  

the removal of HCI at 748 and 250 "C;( i i i )  the reinoviil of  nitrate at 446 and 456 "C and 

( iv)  the formaiion ofdifterent at 450, 540, 630, 670, 530 and 61U "C. 

The thermal weight loss curve (TG) for compound ( 13) slmws an intlection at about 

152 "C which corresponds to a 8.4 YO. The first weight loss probably corresponds to a 

weight loss of 8.4 %. The first weight loss probably corresponds to the loss of 

coordinated ethanol while the second is apparently due to the loss of lattice ethanol. 

Wrobeski and Brown'""" have postulated that hydrogen bonding between squarate and 

lattice solvent may be so strong that solvent coordinated to the metal is more casily lost 

from the complex. The calculated weight losses of7.1 St are lower than those observed 

at I52 and 200 "C. I t  appears that the ruthenium compound loses the coordinated and 

lattice ethanol simultaneously. This may be due to a weaker binding ofthe lattice ethanol 

in this complex. The disparity between tlie theoreticai and experimental weight losses 

again may be attributed to solvent co~itaniinatioii which can be used to explain the 

difference between the calculated (7. I YO) and found (8.4) values. 

Subsequent steps i n  the decomposition 01' conipound (12) seem to follow a 

complicated mechanism as observed for other complexes'. 

Finally, the thermal curves of all compounds (Table 2) sliow an exotherniic effect in 

the temperature range I75 - 333 'C  followed by an endotheriiiic ell'ect characterized 
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partially by overlapping. I n  the same temperature range, 1% curves show a weight loss 

that corresponds to the elimination of the chlorinehitrate and also a[ relatively higher 

temperature' (80 - 320 "C) a loss in weight is equivalent to one or two moles of 

coordinated water. To verify these processes, the IR spectra ofthe heated samples have 

been registered. These spectra show that the v(M-X) (X = CI, OH2 or ONOz) bands 

have disappeared, while the bands corresponding to the ligaiid remain. This suggest that 

in the temperature range 175 - 255 "C only the dehalogenation processes occur 

(endothermic effect). Therefore, the former exothermic ell'ect is probably due to a 

structural change. 'The enotherinic effect begins at about 500 "C and must be attributed 

to combustion of organic matter. As residues at the end ofpyrolysis metallic oxides 

remain. 

'H NMR Spectru 

The proton magnetic resonance spectra ofthe ligand and oC(ZnL,.OH,) have been 

recorded in DMSO-d, using TMS as the internal standard. The chemical shift values (6, 

ppm) of the different protons have been recorded in Table 5 .  The bi-oad signal exhibited 

by the ligand due to the Ofi(phenolic and carboxylic) prolons at 8.9 ppni disappears in 

the zinc complex indicating the coordination of oxygen atoms with the metal ion'.'. The 

appearance of signals due to HC=N protons ofthe same positions in the ligand and its 

complex shows the non-involvement of this group in coordination. 

C NMK Spectra 13 

The 13C NMR spectra oftlie ligand and the zinc complex have also been recorded. A 

considerable shift (Table 6) in the positions of the carbons attached to the different 

partcipation groups clearly indicates the bonding of the carbonyl oxygen atoni ofthe 

phenolic and carboxylic groups to the zinc atoin(Figure 5). 

Taking into accounts all the above data, LH, contain five atoms capable of 

coordination, but due to steric condition, the nitrogen ofthe heterocyclic ring remains 

inert and LH, behaves as dibasic bis-bidentate ligdnd. 
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Table 5. 'H NMR Spectra Data.'(& ppiii)" ol'Liyand and  1:s Corrcsponding Zinc 

Complex. 

Compound OH Ar-H HC=N,, 
(phenolic (gL carboxyl) 

LH2 9.74 8.35-7.34 7.50 

[ZnL2.20HJd 8. I 5-72 I 7.45 

Solvenr DMSO-d, '' Relalive to 'I'MS 

The aromatic proton resonances are nut shilied ind icahy  that the yuinoline nitrogen 

does not panicipate in bonding. 

A signal at 3.06 ppin is assignable to water. 

Table 6. "C NMR Spectra (6 ppm) ol't.igand and its Corrcspwding A n c  Complex 

Compound I 2 3 4 5 b 7 

Lli2 156.20 117.80 182.00 133.60 142.50 126.00 131.20 

[ZnL2.20H2]J 150.42 I 76.3 I 176.3 1 124.80 I4 I .2 I 125.22 130.21 

8 9 I0 I 1  I2 13 14 

15 1.80 138.50 I 19.10 1 15.00 l79.OU I I S.52 158.20 

148.90 135.30 117.90 115.02 1-30.50 I19.10 t53.40 

___-__ 

1L 

1 2 \  / N =  
11 10 

\=O 3 

c i y .  5 :  13c m~ spectrd of ligarid arid i t s  Zinc c q i e x .  
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Conclusion Knlwrks 

From the overall studies pi'esented, i t  is concluded that i n  the pulymeric complexes 

( I )  - (13) LH, behaves as a chelating bis-bidentote dibasic ligdnd, bonding through both the 

hydroxy group of quinoline and the carboxy group atom, and the aldehydic group oxygen 

atom and nitrogen atom ofthe azo group. The pyridine ring breathing mode ofthe ligand 

is observed'.'' at - 996 ciii-'. I t  remains unaltered i n  the polymeric complexes 

commensurate with the absence of coordination through the nitrogen atom of the 

pyi-idine ring. I n  the complex ( 13) the absence 0i.a band in [lie I350 - 1400 cm.' region 

i n  the spectrum of the nitrate complex confirms that ionic nitrates are absent' but 

covalently bonded in the lanthanide azo complex. 

The decomposition of these polymeric complexes undergo two steps. The first 

step is due to the loss ofligancl yielding the corresponding metal halides. In the second 

step the halogednitrate and the remaining pan ofthe IiganJ are lost and conversion to 

metal oxide is absent. In the case ofthe mercury complex it is observed that the loss of 

ligand and the formation of' oxide are simultaneous and a single step of decomposition is 

observed. At higher temperatures(500 "C) the sublimation ol'mercuric oxide takes place. 

The intennediate and end product is characterized by elernenrai analysis. 

Finally, the thermal data ofthe complexes obtained from the corresponding TG and 

DTA curves confirm the anhydrous character ol'all the complexes except for ( 5 ) ,  (6), 

( 1  I ) and ( I  3) who lost water molecules in the temperature range 40 - 150 "C. The lower 

energy calculated from the corresponding area ofthe endothermic effect has the value 

2 1.4 kJ/mol tor compound ( 1  3); this value is indicative ofa  weak inieraction of the 

water molecule in this compound. 
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