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• Terephthalaldehyde bis-(isonlcotinic acid hydrazone) (TBINH) bas been synthe­
SIZed by the condensation of terephthalaldehyde and isonicotinic acid hydrazide. 
TBINH yields complexes, lMLX 1 .a:H1 0)n (M=Mn(IJ), Co(ll), N1~H), Zn(U), Cd(JI), 
U~.(VI); L=C, 0 tf,.N,O,; X=CH.coo-, NO; and a:=O, 1 or 2], on reftuxing a 
DIJXture of fBIN d and metal salt in JJMF med1um in 1 : 1 ratio. Infrared and 
reflectance s..,ectra, magnetiC and thermogravimetric studies indicate that the complexes 
are polymeric having octahedral geometry. 1be order of thermal stability of the 
polymers is: Zn>Cd>Co>Mn> U0 1 >Nl. 

JE:EPHTHALALDEHYDE on reaction with car­
t azides yield Schur bases, behavmg as tetraden­

co::~.coo!dinating ligands, which form polymenc 
f , t~ahon complexes1- 6 • Metal-complexe:.6 - 18 

~It:c~:~ :ases With isonicotinic acid hydrazide, 
inter e ydes or ketones, have been of special 
of t~st ~ recent years, particularly m the conteAt 
h d e t erapeuhc value of the hydrazide and 

Y razone. CoordinatiOn occurs both m .k.eto11118 
as wei~ as in enolic8 • 1,1 forms of the ligands with 
metal1ons. 

Sch!~ the present communication, the synthesis of 
acid h ~aso, terephthalaldehyde bis-(u.omcotmic 
M Y razone) {!B!NH) and Its complexes wtth 
ar:(belll)n, Cdo(U), Nllll), Zn(ll), Cd(ll) and U01 (V1) 

g eacnbed. 

Experimental 

and~~terials : . Terephthalaldehyde (Koch Light) 
used t OUlCOtinic aCid hyurazide (Wdson Lab.) wen: 
4u oozsynthe:.Ize the Schiff base. Mn(CH COO),. 
u.. n(CH COO 8 

(aU HDH a Js.2H,O, Cd(CH8 COO)s.2H 51 0 
bhai • ~~alaR), Co(..CH 3 C00).,.2H 510 (Sara­
and ~),(~l(CHaC00) 51 .4H 510 (Veb Laborchemte) 
solvent 2 Oa)s.<>HaO (E. Merck) were used. The 

s were ot reagent grade. 

sot::~~~aratt~n t?f Schiff base (TBINH): Ethanolic 
hydraz ~ of 13.35 g ~0.0:> mole) tsonicoUnic acid 
mole 1 e and terephthalaldehyde (6.7 g; 0.0~5 
2 he ) were .mixed and retluxed on a water bath tor 
was ·filtA Whtt~ crystalhne sohd precipitated, whtch 
succes erect atter allowing to stand for 2 hr, washed 
and d:t:ly ~tth water, ethanol and diethylether 
hle in e {Yteld 80%). T.I:HNH obtained 1s Insolu­
toluen:ater • ethanol, chloroform, benzene, acetone, 
ammo ' xylene, but soluble m dilute aqueous 
:N, 22.~~~ a~d DMF. Found : C, 64.6~ ; H, 4:23; 
4.33. N 2Calcd. for C 110H 16 N 6 0 11 : C, 64.51 , H, 

• • 2.57%. 

tn.o~r)epa.rauon of metal-chelates: TBINH (0.01 
dissolved m DMF was gradually added to a 

solution of the metal salt (0.01 mole) in DMF. 
Metal salt:. which are not soluble m DMF, were 
first dis:oolved m a mmimum quantity· of water and 
DMF was then added. fhe precipitation was 
instantaneous, but the reaction mixture was refluxed 
at ca 120" for 1. to 3 hr as necessary for completion 
ot the reacuon and lett overnight. The prec1pi· 
tated ma:.s was filtered, wt.shed with DMF, ethanol 
and ether ana dned (Yteld ca 80%). 

Properties : The 1 : 1 complexes (Table 1) are 
air stable and insoluble m water and in common 
organic solvents, VIZ., ethanol, acetone, benzene, 
coloroform, nitrobenzene, DMF and DM::,O. 

Spectral studies : lR spectra were recorded on 
Beckman infrared spectrophotometer usmg KHr 
pellets m the range of 4000-400 cm- 1 , DRS were 
obtained in the range 200-1000 nm usmg Carl­
Zeiss spectrophotometer VSU-2. 

Magnetic measurement : Magnetic susceptibi­
lity of the complexes were determmed at 298· K by 
Faraday's method. 

Thermogravimetr)' : TGA was done by heating 
the compl~;:Xes upto 800• at a rate of 10" miD-1 

in air. 

Results and Discussion 

The analytical data of the complexes agree with 
the general formula-(MLX 51 .xH110h [wnere M= 
Mn(U), Co(ll), NI(ll), Zn(U), Ld(ll), UO,(Vl); 
L=C110H16N 0 0 1 ; X=CH8 COO-, NO;; x=O, 1 
or 2]. 

Mn(II), Co(Il) and Ni(Il) complexes are para­
magnetic with the 'observed magnetic moment 
values of 5.86, 4.98 and 2.94 B.M.* respectively. 
Vanous ligand field parameters such as ~'a/,1, 
10 o., B', fJ and {J 0 haw been calculated from ele~­
tromc spectral data ( lable 2). The magnetic 
moment values together with the spectral data show 
the octahedral geometry of the complexes. 
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TAB:t.K 1-00LOUR AND ANALY'tiCAI. DA'tA 
OF 'tBK 00MPLKXKS 

Oomplex Colour ElemPnt"l ana.ly•A•(% \ 
b'ouud (Oalcd.) M ___ o ___ rf--N 

[MnLAo •• H.O)n Brownish 9.26 50.85 4.07 14.67 
yellow (9.77) (51.15) (4.26) (14.92) 

(OoLAc 1 .HwOln Reddish 9.82 50.68 4.8'1 14.14 
brown (10.09) (50.79) (4.23) (14.68) 

[NiLAo,..H.O]n Yellow 10.13 49.28 4.49 14.62 
(10.09) (49.28) (4.44) (14.36) 

[ZnL Ao1 .2HtO]n Yellow 10.83 48.45 3.98 14.07 
(11.1'1) (4.8.73) (4.39) (14.19) 

[OdLAo •. 2H,.O)n Yellow 1'1.31 45.13 3.88 13,42 
(17.56) (45.15) (4.08) (13.18) 

[UOw L(N01 lw]n Yellow 30.48 31.81 2.24 10.18 
(80.84) (31.50) (ia.O!l) (10.02) 

The ir spectrum (Table 3, wave number in 
cm-1) of TBINH shows characteristic absorption 
bands at 3240, J 640, 1290, 750 and 670 assigned to 
be due to N - H stretching, C = 0 stretching, N - H 
in-plane bending, N- H bending, C=O in-pl_ane 
deformation and C= 0 out-of-plane deformation, 
respectively 91 'u. The bands at 1630 and 1600 are 
assigned to C = N and C = <; stret~hin~ frequencies, 
respectively. T~e. st~etchmg vtbratiOns due to 
nitrogen in pyrtdme nng are observed at 1490 and 
1050. All these bands in the spectrum of TBINH 

indicate that it is present in keto form, and tbe 
proposed structure I for the Schiff base may be 
more likely as, 

No-8:.HN-N=HC -o-CH=N-NH-8v 
l. TBINH 

A_ comparative study of ir spectra of TBI~II 
and tts complexes reveals the mode of coordinauon 
of the ligand. The spectra show the characteristic 
bands o~ imino. and amide groups, indicating that 
TBINH ts coordmated in keto form. In the spectra 
?f the complexes, amide I band i.e. c = 0 stretch· 
mg, sh~fts to lower frequencies, while the amid~ II 
and alll:1de VI ban.ds shift to higher frequenctes, 
~ut amtde IV remams unchanged. These observa· 
ttons show the coordination of keto oxygen to 
metal ionsus-u. The negative shift in C=N stret· 
ching and positive shift in N- N stretching sugge~t 
that the nitrogen of the azomethine group ts coordt• 
nated to metal ionss e.u. 

In acetato-complexes, two bands are observed 
near 144() and 1340 which may be assigned to_ 
v(COO) and li(CH 8 ) respectivelyu, and in nitrato· 
complex bands at 1360 and 840 are assigned to_ 
stretching frequency due to nitrate group90 • 'fhe 

- . ' 
Tuu:,lt II~ELKCl'RONIC SPKCTRAI. DA'i'A AND LIGAND FJitl.D PARAMli.TKRS OF THK COMP:i.KXBS 

Complex with Electronic Spectra. ••/•, 10 Dq B' 13 /i"(%) Geometry 
BJ'nd (om-•) Assignment 

18,520 "A 1 g-+-~T, 1(G) 
~u:uo •A,1-+-•T.1\G) 
118,1160 • A 1a-+-4 E1 (G) 
116,310 • A 1 if+4 'l!s8\D) 
119,000 1 A1r+-4 E 1 (D) 
10,000 4 T 1g(F)-+- 4 'r1a\F) ~.18 
111,300" 4 T1 g(I!')-+ 4 A11(F) 
211,1120 •T, 11(F)+4T, 111\P) 
10,200 I A,g-+-1 T,,(F) 
15,150 • A11-+-'T.1 'F) 
117,800 1 A1 g-+1T11 tP) 

Mn II) 

Co(ll) 

Nl(ll) 

Octahedtal11 ~ 11· 

11,300 OotahedraP •• •' 901 0.98 '1.111 

1.48 10,1100 18,900 0.87 111.98 

• Oaloulated value (Method of Lever18). 

TAD:t.K 8-lNFRARKI> aPJlCTRA OF TBINH AND I'l'S 00MP:t.JlXItS (Wave nUIDbera are in em-•) 

TBINB Mn(II) Oo\II) Ni(Il) Zn(II) Od(II) uo.(VI) Auignment 

34.00 8!120 8~00 8400 8Ui0 0- H(B 10) stretching 

8114.0 8240 lH"40 82i0 81140 8240 Sll40 N- H stretching 

8050 8050 8060 8050 8050 3050 8050 0-H stretching 
1665 1665 16'75 1660 1660 H 1 0 deformation 

1640 1690 l!i90 1695 1590 1690 1590 0=0 stretching 

1630 1620 1610 1620 1616 16110 1620 O=N stretching 

1600 1600 1605 1600 1605 1605 1600 0=-0 (aromatic) stretching 

1585 151l0 1560 1660 1660 1560 1660 0- N stretching and N- .H deformation 

141;!0 1490 14.95 1500 1490 1496 1490 = N- (pyridine) stretching 

1281) 1300 11195 11195 1300 1800 1800 N- H deformation 

1050 t050 1045 1050 1046 1050 1050 = N- (pyridine) stretching 

915 935 986 985 940 985 985 N- N stretching 

'150 760 '150 '150 '150 '160 750 0=0 in-plane deformation 

6'10 690 690 690 690 690 690 0=0 out-of-plane deformation --
30 
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~:~s observed in the regions of 3420-3380 and ca 
r 11?-ay be assigned to v(OH)H 9 0 and a(H9 0), 
espec~tvetyso, and these indicate the presence of 

water tn the complexesn.u. 
The metal and ligand ratio of l : 1 does not 

:~em to permit a monomeric complex to exist, 
tnce the four coordinating groups of one ligand 

:folecule <?annot coordinate to a single metal ion 
fi ue to stenc factors and a polymeric structure II is 
ormed by TBINH-metallinkages. 

II. M=Mn(ti), Co(II), Ni(II) 
Zn(It), Cd(II), UO.(VI). 

X=-CH,COO-, NO;. 

of t~he thermogravimetric analysis data (Table 4) 
loss ~ co~plexes rev, al that the rate of percentage 
inir 1( "jetght 3:t lower temperatures is slow. The 
vol~~· . s O_Pes m the curves may be due to the 

• 1!1zat10n of water and low molecular weight 
rotetxes present in the compounds The weight 
~~: ~P~ tso· corresponds to the wat~r content of 
p . a -c elates. The abrupt change in weight loss 
0~1~~8 to the commencement of decomposition 
corr e complexes. The weights of the residue 
pectt!pond to the formation of oxide of the res­
the el metal. The order of thermal stability of 
Mn(f3~r)~eurs is: Zn (420.)>Cd(400.)>Co(380°)> 

- 0 9 (320.)>Ni(300'), 

0 'rAar..a 4 -Tu~tRMAI. S'l'ABILI'l'v ott rua OoMPLJtxas 
0mplex % 1 b • 
with we 8 t loss of -~T::.:e:.:m=.P:::e:::ra.::.t:.:u::ll.::.e_•o=-- %weight of 

H,O at •00-1S')0 "' "d l!' Commence- Oomph>- res1 ne 
ound '-a•ad., ment of tion of Found Calcd. 

ldn(tl) 8 .. Oo(I!) .u4 
}lt(II) ::;g 
Zn·III 5 98 
Cd(II) 6.48 
uo.(VI) 

_a for ur.o; 

8.1G8 

8 lS& 
6.11'>• 
6.09b 
5.65b 

deaompoai- decom- for 
tiou podtion oxide 

880 660 16.80 15 OS 
880 '7SO 15. '73 14.6j 
800 520 12.2'7 12.8'7 
4 JO 600 14.1\6 13 '10 
400 620 22.86 20 07 
820 640 86.86 87.20 

b for 2H.o. 

ins~~b .1 ~eometry of the ligand, and composition, 
Plexes i~~,Y and high thermal stability of the com­

Jc::~t,. th,.ir nolvmeric nature. 
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