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Abstract : A series of macrocyclic complexes of the type [M(L/L')(N03)2].nH20 and [VO(L/L')(S04)].21120, where L 
Is a Schiff base "2,5,9,12-t~traaza-1,6,8,13-tetramethyl-cyclotetr~dec-1,5,8,9,12-tetraene (TTCTI)" and L' is another Schiff 
base "3,8,14,19-dibenzo-2,5,9,12-tetraaza-1,6,8,13-tetramethyl-cyclotetradec-1,5,8,9, 12-tetraene (DTTDT)", M = U02 VI 

and Zr01V, n = 1 or 2 respectively Is obtained by in situ reaction of ethylene diamine/orthophenylene diamine and 
acetylacetone with the above oxocations. The coordination template effect governs the steric course of the reaction. The 
complexes are characterized on the basis of eleme1Ual analysis, thermal analysis, molar conductivity, magnetic moment, 
electronic, Infrared and 1H NMR spectral studies. The resulls Indicate that the voiV ion is penta coordinated yieldh1g 
paramagnetic complexes where as U01 VI and Zro1V Ions are hexa coordinated yielding diamagnetic complexes of above 
composition. 

Keywords: Macrocyclic Schiff base, UOzVI, Zr01v, V01v, electronic, IR and tu NMR spectra. 

Introduction 

Schiff base polyazamacrocyclic complexes have un
dergone a phenomenal growth during the recent years 
because of the versatility offered by these complexes in 
the field of modeling of some b'o system and transpon 
processes in biosphere, stl!bilizing of high oxidation states 
and selective ion recognition, biological and catalytic sys
tem1. However, studies on the ~cimplexes involving mac
rocyclic ligands synthesized from ethylene diamine/ 
orthophenylene diamine and acetylacetone especially with 
U02 VI, ZrOIV and VQIV ions having unusual coordina
tion behavior has not been studied as yet, which prompted 
us to carry out such type of investigation keeping in view 
of interesting stereo chemical possibilities, enhanced sta
bilities and their wide applications in the above mentioned 
fields. The present paper reports template synthesis and 
characterization of 14-membered tetraaza macrocyclic 
complexes involving the titled macrocyclic Schiff bases 
with the correspondmg oxo/dioxo cations. 

Results and discussion 

The analytical and physical data of the complexes are 
presented in Table l. The complexes are highly coloured 

and insoluble in water and common organic solvents such 
as ethanol, methanol, acetone, CCI4, CHCI3, benzene 
and ether but moderately soluble in highly coordinating 

solvents such as DMF and DMSO. They are non-hygros
copic, highly stable under normal conditions and all of 
them decompose above 250 °C. The molar conductance 
data in.DMSO for the complexes indicate the complexes 
to be non-electrolyte in nature. However, the conducti
vity value is higher than as expected for non-electrolytes 
probably due to panial solvolysis of the complexes in 
DMSO medium2• The elemental analytical data are in 
quite agreement with the suggested formulae of the com

plexes. 

IR spectra: 

As the Schiff base ligand could not be isolated, the 
spectra of the complexes were compared with spectra of 
the starting materials and other related compounds. Eth
ylene diamine/orthophenylene diamine exhibit a pair of 
strong bands precisely located at -3310, -3275 and 
-1600 cm-1 which may be assigned to asymmetric, sym
metric and deformation mode of vibration of NH2 group 

respectively. Acetylacetone is known to exhibit a strong_ 
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Table 1. Analytical and physical dala of the complexes 
Sl. Compds. Colour Yield M.p. 
no. (%) ("C) 

I. [U02(TICTT)(N03hJ.2H20 Yellow 79.2 >250 

2. [U02(DTTDT)(N03)2J .2H20 Brownish 70.8 >250 
yellow 

3. [Zr0('ITC'IT)(N03)2J. H20 Daffodil 73 >250 

4. [U02(DTIDT)(N03)2J .2H20 Daffodil 71 >250 

s. [VO(TTCTT)(S04)J .2H20 Black 72.6 >250 

6. [VO(DTIDT)(S0~].2H20 Chocolate 76 >250 

on-1 cm2 moJ-1. 

band -1720 cm-1 assignable to carbonyl vC==03. The 

IR spectra of the complexes show the following remark

able features : 

The most notable features of the spectra is disappear

ance ofvNH2, oNH2 and vC=O bands but appearance of 

a new band at 1580 cm-1. The last band is due to 

azomethine vC=N stretching vibration of azomethain 

group resulting from condensation of ethylene diamine/ 

orthophenylene diamine with acetylacetone. The position 

of the b~nd is in comparatively lower frequency region 

than usual vC=N value which leads us to suggest that 

azomethine nitrogen atom has taken part in the complex

ation as evidenced from the appearance of bands in the 

region 430-480 cm-1 assignable to v(M-N)4. TheIR bands 

due to v(M-0) appears at 400-450 cm-1. Consequently 

the band occurring at -1250-1300 cm-1 due to vC-N, 

in case of ligand containing orthophenylene diamine is 

blue shifted to 1490 cm-1 while that in case of ethylene 

diamine, it practically remains unaltered. This is because 

C-N assumes a partial double bond character upon coor

dination to the metal ion through resonance in the former 

case. The uranyl complexes exhibit a strong band at - 880-

910 cm-1 and a weak band in the region 760-790 cm-1 

corresponding, to v85(U-0)5 and v5(U-0)6 respectively 

in good agreement with the linear nature of VOl+ group 7. 

On carefull observation of the spectra of the nitrato com-
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J.lerr A n m Found (Calcd.)% 
c H N s M 

Dia 20.11 25.42 3.89 12.70 36.03 
(25.45) (3.93) (12.72) (36.06) 

Dia 18.96 34.71 3.92 11.01 31.28 
(34.73) (3.94) (11.05) (31.31) 

Dia 32.95 32.59 5.40 16.29 17.65 
(32.62) (5.43) (16.31) (17.66) 

Dia 33.32 42.89 5.18 13.62 14.77 
(42.92) (5.20) (13.65) (14.79) 

1.81 17.41 37.55 6.23 12.48 7.13 11.37 
(37.58) (6.26) (12.52) (7.15) (11.40) 

1.78 15.60 46.87 5.66 9.91 5.64 9.02 
(46.89) (5.68) (9.94) (5.68) (9.05) 

plexes, an additional band at about 1410 cm-1 was ob

served. This band is probably v5 band. The other two 

bands have been assigned as v1 and v2 bands appearing at 
-1291 and -1105 cm-1 respectively. These data are in 

consistent with coordination of nitrato group in unidentate 

manner through oxygen atom8. The zirconyl complexes 

exhibit one strong band in the region 900-855 cm-1 which 
can be attributed to the v(Zr=O) as reported earlier9 

indicating the presence of (Zr = 0)2 + moiety in these com

plexes. In the oxovanadium polychelates strong bands at 

-965 cm-1 are assigned to v(V=O) modes10. However 

in vanadyl complexes, an additional series of four bands 

appeared at -1080, -1015, -968 and -645 cm-1 in

dicating the coordination of sulphate group in unidentate 

manner through oxygen atom 11 and the symmetry being 

lowered from Td to C3v upon coordination. Besides, the 

bands observed at -3500 cm-1 may be assigned to v(O

H) of coordinated or lattice water. However, all the com

plexes loss water when heated to - I 00 °C indicating the 

presence of lattice water molecules which has been con

formed by thermal analysis. 

1 H NMR spectra : 

The 1 H NMR spectra of all the complexes in DMSO

d6 show a sharp signal at 2.40-2.48 ppm corresponding 

to imine methyl (CH3-C=N; 12H)12 protons. A singlet is 

observed in the region 3.95 ppm assignable to (N-CHr 
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CHz-N; 8H) protons of ethylenediamine moiety for I, III 
and V complexes whereas the II, IV and VI complexes 
show a multiplet in the region 7.16-7.32 ppm which may 
be assigned to aromatic protons. A singlet is also ob
served in the region a 2.51-2.98 ppm which may be 

assigned to methylene (=C-CH2-C=; 4H) protonsll. 

Electronic spectra : 

The electronic spectra of the U~ VI complexes are 
quite similar. The complexes display mainly one weak 
band at -460 nm and a highly intense band at -385 nm, 
which may be due to 1I 8 + --+3TI4 transitions and charge 
transfer transitions respectively. It may be noted that the 
band occurring at 365 nm is due to uranyl moiety be

cause of apical oxygen --+f1(U) transition14 is being 
merged with the ligand band due to n --+ TI* transition as 
evident from broadness and intensity. The electronic spec
tra of Th1V and zrOIV exhibit only one extra highly in

tensive band in the region 345-380 nm which may be due 
to charge transfer band besides the ligand bands. How
ever, the electronic spectra could not provide structural 
details of these complexes. The electronic spectra of V01V 

complexes show three bands at -12300, -18500 and 
-25800 cm-1 corresponds to transitions, dxy(b2) --+ 
flxzdyz(e), ~(~) --+ dxz-y.(b1) and dxy(~) --+ dzz(a1) res
pectively, indicating the complexes to be in distorted oc
tahedral environment under C4v symmetry15• 

Thermal analysis : 

to a stable product in each complex as indicated by the 
consistency in weight in the plateau of the thermogram. 
The decomposition temperature varies for different com
plexes as shown in Table 2. The thermal stability of such 
complexes is found to be in the following order : 

(TTCTT) complexes : ZrOIV > U02 VI > VQIV 

(DTTDT) complexes : U02 VI > ZrOIV > voiV 

Based on the foregoing observatison the following tenta
tive structures have been proposed for the present com
plexes. 

All the complexes follow the same pattern of thermal [VO(TTCTI)(SO,.)J.2~0 

decomposition. The complexes remain almost unaffected 
upto -60 °C. After this a slight depression upto -120 
°C is observed. The weight loss at this temperature range 
is equivalent to one and two water molecules for uranyl 
and zirconyl complexes respectively indicating them to 
be lattice water in conformity with our earlier observa
tions from analytical and IR spectral investigations. Once 
the lattice water was eliminated, the anhydrous complexes [ZrO(DTIDT)(N03hJ.H20 

remain stable upto - 365 °C and thereafter the complexes 
show rapid degradation presumably due to decomposi

tion of organic constituents of the complex molecules as 
indicated by the steep fall in the percentage weight loss. 

The decomposition continues upto - 800 °C and reaches 

Materials and methods : 

All the chemicals used of AR grade. The solvents 
were purified before use by standard procedures. As the 
Schiff base ligand isolation was futile, all the metal com-
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Table 2. Thermal characteristics of the complexes 

Complex Total wt. Temp. range of % of water loss Decomposition 
for r8 (mg) water loss Found (Calcd.) temp. ("C) 

[U02(TTCTT)(NO:Jl2).2H20 103 70-110 2.70 (2.72) 360-800 
[U02(DTTDT)(N03)2).2H20 109 .75-110 2.33 (2.36) 375-780 
[ZrO(TTCTT)(N03)2].H20 104 70-120 6.97 (6.99) 395-780 
[Zr0(DTTDT)(N03)2].H20 92 65-120 5.83 (5.85) 390-800 
[VO(TTCTT)(SO,J].2H20 87 60-115 8.02 (8.05) 355-770 
[VO(DTTDT)(SO.J].2H20 95 60-115 6.74 (6.77) 365-760 

plexes were synthesized in situ by taking different amount 

of metal salts, ethylene diamine/o-phenylene diamine and 
acetylacetone. 

Preparation of the complexes of the type [M(ITCIT) 

(NOJ)]j.nH20, M = U0/1• ZrdV and [VO(L)(SO-tJ]. 

2Hz0: 

An ethanolic solution of hydrated metal nitrates/vanadyl 

sulphate (1 mmol) was added to a hot ethanolic solution 

of the mixture of ethylene diamine (2 mmol) and 
acetylacerone (2 mmol). The resulting mixture was re

fluxed on a water bath for 5-6 h during which a coloured 

complex was precipitated out in each case. It was filtered 

off, washed several times with ethanol followed by ether 

and finally dried in vacuo over anhydrous CaC12• 

Preparation of the complexes of the type [M (D1TDT) 

(NOj)z].nHzO, M = U0/1. ZrdV and [VO(L)(D1TD1) 

tSO-tJ].2HzO : 

Same proceaure was adopted to prepare [M(DTTDT) 

(N03)n].nH20 and [VO(DTTDT)(S04)].H20 by taking 

orthophenylene diamine instead of ethylene diamme. 

Estimation of uranium, zirconium and vanadium was 

done by standard methods. Sulphur was estimated as 
BaS04 and nitrogen was estimated by Kjeldal method. 

Room temperature magnetic susceptibilities were mea
sured by Gouy method16. The molar conductance mea

surements were carried out at room temperature with a 

Toshniwal conductivity Bridge (Model CL-OI-06, cell 
constant 0.5 cm-1) using I x 10-3 M solution of the 

complexes in DMSO. Carbon, hydrogen and nitrogen 

contents of the complexes were estimated by using a ML W

CHN microanalyser. FfiR spectra in KBr pellets were 

recorded on a Varian FTIR spectrophotometer, Austra-
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lia. The electronic spectra of the complexes were recorded 
on a Perkin-Elmer* spectrophotometer. Thermo gravi

metric analysis was done by Netzch-429 thermoanalyser 
at a rate of 10 °C min-1 in air. Around 50-I 00 mg of the 

sample was used in each case. The 1H NMR spectra of 

the diamagnetic complexes were recorded in DMSO-d6 

medium on JEOL GSX-400 model equipment. The ESR 

spectrum of the vanadyl complexes has only been re

corded in solid state on Varian Associate spectrophoto

meter using 100 KHz, X-band (RT), scan rang 2.0 x 1 

KG and field set 3200. Purity of these complexes were 
established by TLC on silica gel using DMSO as solvent. 

Acknowledgement 

The authors gratefully acknowledge the services ren

dered by Director, Regional Sophisticated Instrumenta

tion Center, liT, Madras, for recording the spectra. 

References 

1. M. G. Bhowan and B. S. J. Laulloo, Indian J. Chem .• Sect. 
A, 2004, 42, 1131. 

2. K. C. Dash, P. S. Mansingh, R. R. Mohanty and S. Jena, 
Indian J. Chem., Sect. A, 1996, 35. 480. 

3. Robert M. Silverstein, G. Clayton Bassler and Terence C. 
Morrill, "Spectrometric Identification of Organic Com
pounds", John Wiley and Sons, 4th ed .. New York, 1981, p. 
220. 

4. R. C. Maurya, P. Patel and S. Rajput, Symh. React. lnorg. 
Metal-Org. Chem., 2003, 33, 817. 

S. K. W. Bagnall and M. W. Wakcrly, J. Less Common Met
als, 1968, 35, 267. 

6. J. I. Bullock, J. Chem. Soc. (A), 1961, 781. 

7. L. Cattani, U. Croatto, S. Degello and E. Tandello, Inorg. 
Chim. Acta. Rev., 1971, 5, 19. 

8. R. P. Singh and J. P. Tandon, Indian J. Chem., Sect. A, 
1980, 19, 602. 



Dash et al. : Synthesis and characterization of UOz VI, zraiV and voiV complexes etc. 

9. H. D. S. Yadava. S. K. Sengupla and S. C. Tripathi, lnorg. 

Chim. Acta. 1987, 128, I. 

10. R. C. Maurya and P. Sharma, Indian J. Chem .. Sect. 

A, 1999, 38, .509. 

11. D. S. Rani, P. V. Ananthalakshmi and V. Jayatya
garaju, Indian J. Chem., Sect. A, 1999, 38, 843. 

12. M. Shakir and S. P. Varkey, Trans. Met. Chem., 

1994, 19, 606. 

13. T. A. Khan, S. S. Hasan, N. Jahan, A. K. Mohamed 

and K. S. Islam, Indian J. Chem., Sect. A, 2000. 39, 

1090. 

14. M. C. Saha, R. Roy, M. K. Ghosh and P. S. Roy. 
Indian J. Chem .. Sect. A, 1987, 26. 48. 

15. A. B. P. Lever, "Inorganic Electronic Spectroscopy". 

Elsevier Publication, New York. 1968, p. 258. 

16. B. N. Figgis and J. Lewis, "Modern Coordination 

Chemistry", eds. J. Lewis and R. 0. Wilkinson. 
lnterscience, New York, !960. 

555 



556 


