
[Ph,Sb]+ cation are equivalent and the cation has a
tetrahedral geometry (Td symmetry).

Another strong band at 370 cm-1 is observed in
compound I; it could be due to Va vibration indica-
ting the presence of tetrahedral geometrylO,ll of the
anion [FeCI,]-. The occurrence of a band of medium
intensity at 360 cm-1 in the spectrum of the com-
pound (II) suggests that a tetrahedral tetrachloro-
ferrate ion [FeCI,]-, instead of the dinuclear anion
[Fe2Clo]3-, is present in the compound (II). Mag-
netic moment data of these compounds also suggest
that in both the compounds the anion is similar.
This is further confirmed by Mossbauer spectral
study of both the compounds.

In the Mossbauer spectra of the compounds, the
isomeric shift (8) was observed in the range of
0.40-0.42 mm/sec at room temperature with respect
to stainless steel which suggested the presence of
tetrahedral high-spin iron cornplexes'". In the case
of R[Fe(III)CI,], the isomer shift of 0.4 mm/sec
corresponds to 3d14so.40 configuration suggesting a
4s electron population of 0.41 (as calculated from
M. O. theoryj-". The quadrupole splitting (.6,Eq)
values are 0.6 'and 0.65 mm/sec. Normally there
should not have been any quadrupole interactionsw,
But in compounds having large cations, some qua-
drupole interactions are observed due to distortion
in cubic symmetry16,J6. In the cases of cations
having tertiary groups, the splitting is large while
in other cases it is small and therefore the distortion
is also small.

Therefore, compound (II) should be represented
by the formula L(Ph,Sb){FeCI')]2.Ph,SbCl instead
of lPh4SbMF~CI.] ..

PMR spectra of compounds I and II in DMSO-d.
show peaks in the range ~ 7.38-7.90. These peaks
are complex multiplets and can be attributed to the
protons of phenyl rings of tetraphenyl stibonium
cations.

In the IR spectrum of the adduct 2FeCI3.PhaSbCI2,

the bands due to vSb-C(Ph) and phenyl ring vibra-
tions did not shift to lower frequency on the forma-
tion of the adduct, whereas a band observed at 280
cm-l due to v(SB-Cl) vibrations shifted to lower
frequency region indicating that the adduct is formed
through chlorine bridges. The presence of another
band at 360 cm-1 in the adduct 2FeClaPh3SbCl2
could be assigned to (Fe-Cl) terminal vibrations'".

The authors thank Prof. H. K. Pujari, Head of
the Chemistry Department, Kurukshetra Univer-
sity, Kurukshetra for providing necessary laboratory
facilities. Thanks are also due to the CSIR, New
Delhi for providing financial assistance to one of
them (H. K. S.).

References
I. GODDARD, A. E., J. chem. s«: 123 (1923), 1161.
2. VAUGURA, D., ONDREJOVIC. G., MAKANOVA, D. & GAZU,

J., Chern. Abstr., 82 (1975), 25297h.
3. BHATTACHARYA. S. N. & SINGH, M., Indian J. Chem.,

18A (1979), 515.
4. TAKASHT, Y., Bull. chem. s«; Japan, 40 (1967), 1194.
5. SHARMA, H. K., DUBEY, S. N. & Ptnu, D. M., Indian J.cs«. 20A (1981), 620.

NOTES

6. SRIVASTAVA, T. N., S<l.JVASTAVA. R. C. & SmGH, M.,
Indian J. Chem., 18A (1979), 527.

7. BHATTACHARYA, S. N. & SAXENA, A. K., Indian J. Chem.,
19A (19S0), 222.

7a. CHATT, J. & MANN, F. G., J. chem. Soc., (19,w), 1192.
8. EARNSHAW, A. & LEWIS, J., J. chem. Soc., (1961). 396.
9. HENDRIKSMAN, R. R., J. inorg, nucl. cu-«, 34 (1972),

1581.
10. CLARK, R. J. H. & TAYLOR, F. B., J. chem. Soc. (A),

(1967), 693.
II. KiSTENMACHER, T. J. & STUCKY, G. D., Inorg. Chem., 7

(1968), 2150.
12. DANON, J., Rev. Mod. Phys., 36 (1964), 459.
13. Applications 0/ the M;;ssbauer effect in chemistry and solid

state physics, Technical Reports Series No. 50 (Inter-
national Atomic Energy Agency, Vienna), 1966, 105.

14. KOCHAR, C. W., Phys. Lell., 24 (1967), 93.
IS. FORSTER, D. & GOODGAME, D. M~ L., J. chem. Soc.,

(1965), 262, 268.
16. Punt, D. M. & SAINI, M. S., J. Indian chem. Soc., 56

(1979), 201.
17. SYAMAL, A. & KALE, K. S., Indian J. Chsm .• 19A (1980),

Coordination Polymers of Cobalt(lI), Nickel(II),
Copper(II), Zinc(D} & Cadmium(II) with J-Isonl-

cotinoyl-4-allyl-3-thiosemicarbazide

DEEPAK KHANNA, V. BANERJlE, B. V. AOARWALA &
ARUN K. DEY·

Chemistry Department University of Allahabad,
Allahabad 211 002

Received 12 January 1981; revised and accepted 4 February 1982

Polymeric coordination complexes of the type (ML.2H10)n
where M = Co(II), Ni(II), Cu(II), Zn(II) or Cd(II); L = 1-
IsonIcotbrovi 4-aIIyl-3-thiosemicarbazide; and n = degree of poly-
m.erization have been synthesized and characterized through analy-
tk:aI, Infrared and reOectance spectral, magnetic and ESR spectral
(Ia the case of the Cu complex) studies. 1be powdery:and coloured
complexes are insoluble ia water and in common organic solvents.
Iafrarea Sl)IlCtra show that the tetradentate ligand coordinates
througb the enolic oxygen, tbio~nollc sulphu(and the nitrogen of
C = N:groups. The metal ion Js the bridging unit between the
donor sites of the ligand, and the:polymeric .chain grows through
consecutive llgand-metal linkages. (Electro:1ic, magnetic mo-
meat and ESR data suggest octahedra) geometry (or the comp-
lexes.

FOLLOWING the discovery that complexation
of isonicotinic acid hydrazide with Cu2+ ion

enhances its antitubercular activity', complexes of
thiocarbazide or thiosemicarbazide have received
much attention+>, Aggarwal et al.( have prepared
a number of transition metal complexes of 1,4-
substituted thiosemicarbazides. Preparation and
characterization of coordination polymers of Co(lI)
Ni(II), Cu(II), Zn(lI} and Cd(II) with l-isonicotinoyl
-4-allyl-3-thiosemicarbazide (INATS) are being
reported in the present note.

Isonicotinic acid hydrazide (INH, Fluka), allyl-
isothiocyanate (Fluka), ethaaol, N,N-dimethyl-
formamide (Siscochem), and metal acetate hydrates
(BDH) were used as such.
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Preparation of ligand - 1-Isonicotinoyl-.4-allyl-
3-thiosemicarbazide (INATS) was synthesized by
the condensation of allylisothiocyanate with INH.
Allylisothiocyanate (0.1 mol) dissolved in ~5 .ml
ethanol was added dropwise with constant stirring
to a solution of INH (0.1 mol) in. 25 ml eth~nol.
On refluxing the mixture, a white solid was obtam~d,
which was filtered, washed withe thanol and dned
in vacuo over calcium chloride.

INATS is insoluble in water, methanol, ethanol,
benzene, chloroform, but soluble in boiling ethanol
and in dimethylformamide, The purity of the cO.m-
pound was checked by determining the. melting
point (200-202°) which corresponds to literature
values.

Preparation of the complexes- INATS (2.36g)
dissolved in DMF (30 ml) was added to the metal
salt solution [2.49g of Co(CHaCOO)2' 4H20, 2.49g
of Ni(CH3COO)2.4H20, 2.00g of Cu(CHaCOO)2'-
H.O 2.19g of Zn (CH3COO)2.2H20, or 2.66g of
Cd(CHsCOO)2.2H20, dissolved in minimum
amount of water followed by the addition of exc.ess
DMF slowly with constant stirring and solution
refluxed for 2 hr. A dark coloured mass separated
which was filtered. washed with hot dimeth.yl-
formamide and finally with diethyl ether and dried
at 100°C.

The complexes are insoluble in water and in com-
mon organic solvents, their insolubility being due to
their polymeric naturev". . .,

The metal contents were determined by tltratl?n
against EDT A after decomposing the complexes with
fuming nitric acid. C, Hand N were e.stlmated by
usual microanalytical methods. Analytical data are
shown in Table 1.

Infrared and electronic spectral measurements
were made as described earliervs. Magnetic suscepti-
bility measurements were done by Faraday's method
at room temperature (298 K). In the case of the
Cu(II) complex, magnetic measurements down to
85.8K were made using a liquid nitrogen cryostat,
a temperature variation and control unit and EMCO
Digital Microvoltmeter EE 214. .

Derivatives of ESR spectrum were recorded usmg
the powder form of the complex on a Varian V-4500-
]0 ESR spectrometer.

TABLE 1- ANALYTICAL DATA OF THE CoMPLEXES

Empirical
formula

Found (calc.), %Colour

Metal Hc

INATS (HaL) White; 51.25 5.78
(50.84) (5.08)

CoL.2H,O Reddish- 17.80 36.25 4.05
brown (17.86) (36.48) (4.25)

NiL.2HaO Brown 17.80 36.43 4.17
(17.85) (36.50) (4.25)

CuL.2HsO Black 19.00 36.00 4.25
(19.05) (>6.97) (4.19)

ZnL.2H,O Yellow 19.30 35.63 4.10
(19.49) (35.78) (4.17)

CdL.2HaO Yellow 29.27 31.24 3.50
(29.39) (31.28) (3.66)
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The analytical data (Table I) agree with general
formula ML.2H20 (where M = metal ion, L =
CloHION40S).

The IR spectrum (band positions in cnr-') of
INATS shows a strong band at 3260 assigned to
NH stretching. The thione and keto groups, both
having protons adjacent to them, are relatively un-
stable in the monomeric form and usually tend to
undergo enethiolization" and enolization. In the
present case, however, strong bands at 1670, 1545,
1460, 1150 and 820 are observed due to ."C=O
three bands due to ."N-C=S10 and 8N-C=S modes
respectively. No bands due to S_H10 and OH
stretching modes are observed near 2570 and 3400
respectively. This indicates that in solid state the
molecule remains in thione and keto form. How-
ever, in solution these forms are likely to be in equili-
brium with the thiol and enol tautomeric forms (I and
II). A comparision of the spectra of ligand and
complexes shows that the above mentioned ligand
bands are not present in the spectra of complexes;
instead some new bands in the regions 1640-1655,
1560-1570, 1505- 1520, 1360-1380 and 600-660 are
observed which may be due to ."O-C = Nand
."S-C=Nll, ."N-C=N and ."C =N_NU,13, ."CNH,
."C-O and ."C-S 10,16 respectively. The presence of
these bands in the complexes shows that N4H is
not involved in enethiolization. The bands in the
region 580-520. 485-450 and 315-310 are due to
."M-O ."M_Nu,15 and ."M-S respectively.

All the compounds show bands in the reported
ranges, 1605-1600, 1420-1410, 1000-980, and 1070-
1080. due to 4-substituted pyridine'? ring vibration;
this indicates that nitrogen of the pyridine ring is
not involved in complexation.

The presence of water within the coordination
sphere is supported by the presence of bands .in the
region 3440-3400, 1640-1610 and 960-955 III the
spectra of the complexes due to OH stretching,
HOH deformation and H20 rocking modes respec-
tivelv.

Thus, INATS behaves as tetradentate, coordi-
nating through the thiol sulphur atom and the nitro-
gen atom on one end and enolic <?xygen atom and
nitrogen atom on the other. Stene fact?rs prevent
the coordination of all the donors to a single metal
ion which therefore acts as bridging unit between
the'donor sites of the ligand, and thus the polymeric
chain grows through consecutive INATS- metal
linkages (III).

In the electronic spectrum of Co(11) complex.
the "'2 band cannot be seen clearly and has to be,
calculated. The .,,~ transition is a two electron
transition Irj , e~~t~,) e:, thus having a much
lower oscillator strength than the other two bands.

23.10
(23.72)
16.94
(17.oz)
}7.10

(17.03)
16.70

(16.78)
16.50

(16.69)
14.62

(14.64)
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TABLE~ - ELECTRONICSP£CTRA, MAGN£TIC MOMENT AND VARIOUS LIGAND FIELD PARAMETERS

Metal Temp. !Len Band Assignment 10Dq v./vi B' ~ P(%)
ion (K) (B.M.) (cm=') (cm-I) (crrr ')

10417 'T,g(F) --4'T21l (F)
Co(II) 298 4.81 22197 'T,K t) --4'A211 (F) 11780 2.12 947 0.975 2.47

23256 'T,g F) --_'T,ll (P)
10204- aAz!l __ -+3T.1l

Ni(II) 298 2.84 16394 aA'1l __ -+3T,1l (F) 10204 1.6 916 0.860 14.00
27778 aA.g - __ 'T,1l (P)
10000 !BIIl --~'A'1l

Cu(II) 298 2.01 10869 'Bill --~'B'1l
199.2 1.90 11363 'Bill ---+'Ell
151.8 1.89
101.5 1.85
87.7 1.99
85.8 1.97

, III )

Due to its weakness and its proximity to the strong
V3 and V2 transitions, it is obscured. In the case of
Ni(I1) complex-", 10Dq (VI) is not high and thus the
ligand produces a weak ligand field. The ligand
field parameters and assignments (Table 2) are
consistent with octahedral stereochemistry of Co(II)
and Ni(II) ions. A broad envelope which can be
resolved into three bands is seen in the case of
Cu(In17 complex. The Jahn-Teller effect causes
splitting of the 2EII ~ 2T21! band. Distortion of
Dell symmetry removes the degeneracy of Ell, and
further splitting of the E" (BI", AlII) and T2" (B2"

E,,) level occurs. Procter et al.IS have suggested
three possible energy level sequences due to increas-
ing distortion. Since the separation in the present
case is not large, the bands are assigned in terms of
weakly distorted octahedral Cu(II) complexes.
The magnetic moments of 4.81, 2.84 and 2.01 B.M.
are observed for octahedral Ce(I1), Ni(II) and Cu(II)
complexes respectively.

In the case of CU(I1) complex, the magnetic mo-
ment was found to be nearly temperature-indspen-
dent showing that the individual copper(I1) ions are
well separated from each other and that no spin-
spin interaction can OCCUrlll.

The ESR spectrum of the Cu(II) complex consists
of a single comparatively broad line at g values
2.11-2.24. It is found that gll > gJ. . These features
are in agreement with those observed by Lancaster
and coworkers'" for a Cu(II) complex and inter-
preted as pseudoisotropic arising from the exchange
interaction between crystallographically non- equi-
valent Cu2+ ions and the weak byperfine splitting.

"'err values were also determined by substituting
g, gll and g 1. values obtained from ESR spectra for
monomeric copper (II) complexes'" in the following
equation,

t g2 g2
"'eft - _". +--l

4 2
+ 3kT (g -2)

AO
The values obtained are consistent with those

observed by magnetic susceptibility measurements.
The authors thank Dr. Bharati Agarwal for the

measurements of magnetic moment at low tempe-
rature and ESR spectra, carried out at the TIFR
Bombay. They also thankfully acknowledge the
award of a fellowship to one of them (D. K.) from
UGC, New Delhi.
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Complexes of I-Hydroxyethylidenediphosphonic Acid
witb Manganese (11), Nickel (II), Copper(II), Zinc (II),

Cadmium (II) & Lead (0)

D. M. PURl· & (Miss) NEELAMPALTA
Department of Chemistry. Kurukshetra University,

Kurukshetra 132 119

Received 12 August 1981; revised and accepted 28 January 1982

Complexes of Mn(II), Ni(II), Cu(II), Zn(II), Cd(II) and
Pb(II) with I-hydroxyethylidenediphosphonic acid, ~having 2:1
Itoiciuometry, have been , prepared in aqueous medium. Their
IR and electronic spectral, and magnetic moment data-an,
reported.

IN recent years, considerable interest has been
shown in the study of l-hydroxyethylidenedi-

phosphonic acid (HEDP, H4L) and its salts due to
their use! in medicine, electroplating, etching solu-
tions, prevention of scale formation and as deter-
gents and disinfectants. Survey of literature shows
that though work has been done on stability cons-
tants of various complexes of HEDp2-4, little effort
has been made to isolate and characterize the
complexes=". In view of this, we have synthesized
and characterized Mn(H), Ni(II), Cu(II), Zn(I!),
Cd(II) and Pb(II) complexes of HEDP and results
are reported here.

HEDP was obtained from Mis Aquapharm Chemi-
cal Co. and its purity ascertained by chemical analy-
sis. Metal acetates (BDH, AR) were used as such.

Preparation of metal derivatives of HEDP-
HEDP (0.01 mol) was dissolved in water and neutra-
lised with NH40H. It was then added dropwise, with
constant stirring, to an aqueous solution of the metal
acetate (0.02 mol) when immediate precipitation
occurred. The precipitates were filtered and washed
with distilled water and then with acetone. The
precipitates were dried in air and finally in vacuo to a
constant weight.

IR spectra were run in nujol (600-4000 cnr-') on
a Beckman IR-20 spectrophotometer. Diffuse reflec-
tance spectra were recorded in the region 200-
1200 nm on a Unicam SP700 spectrophotometer
fitted with a standard reflectance accessory. MgO
was used as the reference. Magnetic measure-
ments were mace on a Guoy balance.

The analytical data (fable I) show that the com-
pounds are of the general formula M2L.x~20. They
are insoluble in water and common organic solvents
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TABLB1 - ANALYTICALAND MAGNETIC MOMmfr DATA O'
THE CoMPLEXF3

Found (Calc.), % I-'err(B.M.)
Compound Colour at 308"K

M P
Mn.L.2H.O Pale-pink 30.5 18.7 3.72

(31.6) (17.8)
Ni.L.6H.O Light-green 26.06 14.25 2.46

(27.4) {14.5}
CUtL.4H.O Light-blue 31.5 15.3 1.49

(31.6) (15.4)
Zn.L.3H.O White 32.0 15.5

(33.8) (16.03)
Cd.L White 14.2

(14.4)
Pb.L.2H.O White 9.01

(9.5)

TABLB2 - PRINCIPALBANDS(em-I) IN THEINFRAREDSPECTRA
OF HEDP AND ITs METALDERIVATIVIlS

3 COH vP=O vO-H

HEDP 1035 1170{br), 3500,3300
1204(br)

Mn(U) 1050 1130 3280
Ni(I[) 1060 1100 3200
Cu(II) 1060 1110 3200
Zn(II) 109O(br) 3300
Cd(II) 1050 1120
Pb(II) 1060 1080 3300

which suggests that they are probably polymeric in
nature.

Infrared spectrum of solid HEDP (Table 2) is
characterized by intense absorption in the range
1170-1204 cm? which is assigned to vP = 0
mode of phosphoryl group. The splitting of this
band is reported to be due to hydrogen bonding
with the alcoholic group'". In the spectra of solid
metal derivatives of HEDP, this band shifts to
1060-1100 cm-! (fable 2) owing to displacement of
"'-electron density during coordination with the
metal. Similar observations have been reported by
earlier workers in the case of complexes with rare
earth elements--.

Free HEDP shows a medium intensity band at
1035 cnr-', which is assigned to 8 COH mode. In
the spectra of chelates, this band is displaced to
higher frequencies, probably due to coordination
of the metal with alcoholic group without the loss
of hydrogen. This coordination is also confirmed
by the change in vOH, as has also been observed
by earlier workers in the case of lanthanum corn-
pounds- '.

Manganese (II) hydroxyethylidenediphosphonate
dihydrate (Mn2L.2H20) - A distinction between
tetrahedral and octahedral forms of Mn(I!) can be
made unambiguously only from a measurement of
extinction coefficients. Since Mn(I!) complex is
insoluble in common organic solvents, extinction
coefficients could not be calculated and hence speci-
fic assignment of stereochemistry is not possible in
this case. The complex shows absorption bands at
43,480; 39,220; 30,300; 22,220 and 15,380 cnr-'.




