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ABSTRACT

Bis-hydrazine metal o-nitrobenzoate, [M(0-NO,C¢H4COO),(N,H,),], where M= Co, Ni, Zn or Cd have been
prepared by mixing aqueous solution of respective metal nitrate hydrate with aqueous solution containing o-
nitrobenzoic acid and hydrazine hydrate in 2:4 ratio. These complexes were analysed by chemical and CHN
analyses. The IR spectrum of these complexes reveals the monodentate nature of carboxylate ions and bridged
bidentate nature of hydrazine. Thermal behaviour of these complexes shows single step decomposition to give
respective metal oxide as the final product except zinc complex which after dehydrazination in the first step undergo
pyrolysis to give ZnO. X-ray powder patterns indicate that the complexes are isomorphism. The mixed metal
complexes, [My3C0,3(0-NO,CsH4CO0),(N,Hy),] have also been prepared using aqueous solution of mixture of
metal ions in appropriate ratio. These precursors on thermal degradation yielded respective metal cobaltites as the
end residue. The formations of these cobaltates were confirmed by chemical analysis, IR spectra and X-ray powder
diffraction studies.

Key words: Bis-hydrazine, metal cobaltites, mixed metal comese o-nitrobenzoic acid, TG-DTA and X-ray
powder diffraction.

INTRODUCTION

Nitro compounds are known for their explosive natand undergo thermal degradation at much lowepéeatures
than other compounds. Simple metal complexes oblménzoic acids and their derivatives have beerotighly
investigated [1-6]. In spite of a large number o€l complexes are known, corresponding hydrazimyateres
have not been reported so far. The presence ofhiydr moiety in such system along with nitro grexpected to
highly enhance their thermal reactivity. Hydrazehee the presence of endothermic N-N bond undergathermic
degradation at lower temperatures. Hence, its poesen metal nitrobenzoates leads to undergo wolen
decomposition and hence this property could becdteul in the preparation of pure and fine metablesithrough
hydrazine metal nitrobenzoate precursors. Such oangs can yield simple metal oxides and even mixetal
oxides at 200-308C with high degree of purity.

Hydrazine, besides its use in the synthetic orgahamistry has been utilised in the fields of irorig chemistry,
coordination chemistry and material science witlffedent motives. Hydrazine, N, can act as a neutral
monodentate, bidentate and bridged bidentate ligamithg its complexsation with metal carboxylatéstthermore,
even in weakly acidic medium it generates hydrainication, NHs" which is also capable of coordination with
metal ions. The form and nature of hydrazine in glexes greatly influences the structure, thermabibty,
solubility and biological activity of the hydrazimeetal carboxylates.

Our through literature survey clearly reveals thlahty of hydrazine complexes of transition metaboxylates [7-
13] and hydrazine lanthanide carboxylates [14-Efjehbeen prepared and their spectral and thermpégies have

1017



D. Santhosh Shanthakumar and B. N. Sivasankar J. Chem. Pharm. Res., 2013, 5(12):1017-1023

been exhaustively studied. However, only few ardenegdrboxylic acid complexes have been investigachuse
of their complicated multi-stage thermal degradatjwatterns [18-20]. The presence of both nitro gr@und
hydrazine in these complexes lead to one or twp dézomposition at quite lower temperatures. Basidese the
mixed metal complexes have been prepared for ahfgivazine metal carboxylates and have been usdbeas
precursors to the metal cobaltites and metal &1jR1-24]. Hence, it is also expected that thdrdmine mixed
metal orthonitrobenzoate could be prepared andilggsassed as the solid solution precursors for fine mixed
metal oxides.

In this article, we wish to report the syntheslsamcterisation, spectral, thermal and X-ray stidiesome new bis-
hydrazine metal orthonitrobenzoates and the cooretipg mixed metal complexes as precursors toitteerhetal
cobaltites.

EXPERIMENTAL SECTION
Preparation of bis- hydrazine metal o-nitrobenzeared bis-hydrazine mixed metal o-nitrobenzoates

An aqueous solution (15 mL) containing a mixtureoshitrobenzoic acid (3.3424 g, 0.02 mol) and hydra
hydrate (2 mL, 0.04 mol) was added to an aqueosi®o (20 mL) of respective metal nitrate hydréde01 mol).
The clear solution obtained was filtered and kegitlea at room temperature. The precipitate formed filtered
washed with water then with alcohol and dried m ai

The mixed metal bis-hydrazine o-nitrobenzoate cexgd were prepared by reacting an aqueous mixs@ren()
of o-nitrobenzoic acid (10.0272 g, 0.06 mol) andayine hydrate (6 mL, 0.12 mol) with an aqueodst&m (50
mL) containing cobalt nitrate hexahydrate (5.8209.62 mol) and nickel nitrate hexahydrate (2.0§90.01 mol)
or zinc nitrate hexahydrate (2.9748 g, 0.01 moltadmium nitrate hexahydrate (3 g, 0.01 mol). Trexipitated
bis-hydrazine mixed metal o-nitrobenzoates weterd washed first with water then alcohol anddiieair.

Physico-Chemical studies

The metal content in all the complexes were deteethiby EDTA complexometric titrations after decosipg a
known amount of the complex with concentrated oiticid. The hydrazine content was estimated volticadty
using KIQ; solution (0.025 mol) under Andrew’s condition.

A Perkin-Elmer CHN analyser (Model 1240) was usad@, H and N analysis. The IR spectra of the cexgs

were recorded on a SHIMADZU spectrophotometer uditay pellets in the range 4000-400 ¢miThe room

temperature magnetic susceptibility measurements warried out with Gouy balance using Hg[Co(S§Ms a

calibrant. The solid state electronic absorptioacsfa of the complexes in Nujol mull were recordeda Varian

Cary 5000 UV visible spectrophotometer in the raR@@-800 nm. The simultaneous TG-DTA of the cometein

air was carried out using TG/DTA 6200 Thermal Asaly The heating rate employed was°COmin’ using

platinum cups as sample holders. X-ray powderaltffon pattern of samples were obtained using &ruk3

Focus diffractometer with scan speed 5 secondsteer using CuK radiation {= 1.540598 A) and Scintillation
counter as a detector.

RESULTS AND DISCUSSION

The bis-hydrazine metal o-nitrobenzoate complewese prepared by slowly mixing an aqueous solution
containing a mixture of o-nitrobenzoic acid (3.34240.02 mol) and hydrazine hydrate (2 mL, 0.04)ntolan
aqueous solution (20 mL) of the respective metmhtdé hydrates (0.01 mol). The resultant solutiwmstobtained
was filtered and the clear solution was allowedstand at room temperature. The bis hydrazine comple
precipitated after 2-3 hours were filtered usingBer funnel in suction pump, washed first with evathen with
alcohol and dried in air.

The mixed metal o-nitrobenzoate complexes were piepared by the above procedure by taking 0.02 ahol
cobalt nitrate hexahydrate and 0.01 mol of nickeate hexahydrate, zinc nitrate hexahydrate ongadh nitrate
hexahydrate. The ligand solution is prepared byimgibo-nitrobenzoic acid (10.0272 g, 0.06 mol) arydirazine
hydrate (6 mL, 0.12 mol). The precipitated mixedtaheomplexes were filtered, washed with water théth
alcohol and dried in air. The reaction may be repnted as follows

M(NOs3),.nH,O + 2 GH4(NO,)COONHs + 4 NoHz.H,O—p M[0-GH4(NO,)COOL(NsH,4),+2HNOs+ (n+1) HO
Where M = Co, Ni, Zn or Cd
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2 Co(NQ)2.6H,0 + 2 M(NDy),.xH,0 + 2 GH4(NO,)COONHs + 4 NoH.H,O—»
M'C0,[0-CeHa(NO,)COOK(N,H4)s +2HNOs + (n+1) HO

Where M'=Ni, Zn or Cd

The complexes are stable in air, insoluble in watet organic solvents such as alcohol and ether cémpositions
of the complexes were assigned on the basis ofaaytlr and metal analysis. The analytical data ehldrazine
metal o-nitrobenzoates and bis-hydrazine mixed Ineetétrobenzoates are summarised in table 1.

Table 1- Analytical data of metal orthonitrobenzoae and mixed metal orthonitrobenzoate complexes

Hvdrazine CHN Analysis
S. No Molecular Formula Y C% H % N % Yield

B (Mol. W) Calc. Calc. Calc. Calc. %
(Found) (Found) | (Found) | (Found)

1 Co(0-GH4(NO2)COOR(N,H4)2 14.1 36.9 3.54 18.5 85
(455.26) (13.87) (36.24) (3.149) (18.26)

2 Ni(0-CgHa(NO2)COOR(N2H4)2 14.1 37 3.54 18.5 90
(455.01) (14.02) (36.12) (3.33) (18.58)

3 Zn(0-GsHa(NO,)COO)(N2H.)2 13.9 36.4 3.49 18.2 82
(461.71) (12.5) (36.3) (3.19) (18.60)

4 Cd(0-GH4(NO2)COOR(NzH4)2 12.6 33.1 3.17 16.5 80
(508.72) (12.82) (33.15) (3.11) (16.12)

5 CoyaNiys (0-CsHa(NO2)COOR(N2H4) 14.1 36.9 3.54 18.5 90
(455.18) (13.7) (36.25) (3.33) (18.08)

6 C0y/3Zny3(0-CsHa(NO2) COOR(N2H4)- 14 36.8 3.53 18.4 90
(457.41) (12.5) (36.5) (3.60) (18.88)

7 C0/5Cdyz (0-CsHa(NO2)COOR(N2H.) 13.6 355 3.41 17.8 85
(473.08) (12.82) (35.8) (3.81) (17.8)

Magnetic Moments and Electronic Spectra

The room temperature magnetic moments of Co anccddiplexes are found to be 4.6 BM and 2.92 BM
respectively. These values indicate that the nieted are of high-spin variety and the complexeseapected to be
octahedral in nature. Zn and Cd complexes are djagi as expected. The electronic spectra of yuisdazine
cobalt and nickel o-nirobenzoate complexes wererdst. The cobalt complex shows a band at 20,50Dvehich

is assigned to spin aIIowé‘ﬁIlg(F) —>4Tlg(p)transition thereby suggesting octahedral geometyrad Co(ll).

The nickel complex exhibit electronic spectral nmaai around 17,000 and 27,000 trmorresponding tc?Azg
— T, (F) and®A,,—»°T,(P) transitions respectively which are charactesssf octahedral geometry [25].

Infrared Spectra

The IR spectra of the bis-hydrazine metal and mixedal o-nitrobenzoates are similar and shows bah@8650-
3700 cm' due to N-H stretching. The asymmetric and symmetarboxylate stretching are observed in the region
1610-1620 crifand 1350-1390 cihrespectively WithAv = vasrveym > 200 cnit clearly indicating the monodentate
coordination of carboxylate ions. The N-N stretchfrequencies of hydrazine moieties are seen irrdhge 950-
980 cm' are in conformity with bidentate bridging natufehgdrazine [26]. The N-O stretching for nitro gmis
also observed in the finger print region betweef-860 cm' [27]. The IR spectrum of nickel, cadmium and
cobalt-nickel mixed metal complexes are given g3 f1-3 respectively.
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Fig. 1- IR Spectra of Co(0-GH4(NO2)COO),(N,H2)
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Fig. 2- IR Spectra of Ni(0-GH4(NO2)COO)2(N,H4),
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Flg 3-IR SpeCtra of CQ/3Ni1/3(0-C6H4(N02)COO)2(N2H4)2

Thermal Degradation

Bis-hydrazine cobalt o-nitrobenzoate complex [C6EbL(NO,)COO)(N,H,),] decomposes in a single stage as
shown by the TG curve to give € as the final residue. The degradation takes dieteeen 180-226C. The
DTA shows a strong and sharp exotherm at“Z18The nickel complex shows single step degraddt@ween 220-
270°C to give NiO as final residue. The DTA shows aisty exotherm at 25%C corresponding to the above stage.
Unlike cobalt and nickel complexes, the zinc complBows two stage decomposition in the temperaturge 195-
235°C and 450-500C. The DTA shows an exotherm at 23D and also a sharp exotherm observed with peak
temperature around 50%C. In the first stage two hydrazine molecules alimieated to give the zinc o-
nitrobenzoate as an intermediate which subsequemitiergoes pyrolysis to yield ZnO as the end residine
thermal degradation of the cadmium complex alsavshgingle step decomposition in the range 200°26and the
DTA shows an endotherm at 220 for the decomposition. The final product obtaimexs CdO.
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. 4-Simultaneous TG-DTA of Co(0-GH4(NO2)COO)(N2H4)2
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Fig. 5- Simultaneous TG-DTA of Ni(0-GH4(NO2)COO),(NzH4)2

Flg 6- Simultaneous TG-DTA of CQ/3Ni1/3(0-C6H4(N02)COO)2(N2H4)2

The thermal degradation of all the bis-hydrazinexadi metal orthonitrobenzoate complexes shows siatgp
decomposition in the temperature range 200-260with the DTA peak temperature around 2ZD. The
simultaneous TG-DTA of nickel, cobalt and cobaltkal mixed metal complexes are given in figs.4-€peztively.
The thermal degradation data of the complexesiaemngn table-2.

Table 2-Simultaneous TG-DTA analysis data of metadrthonitrobenzoate and mixed metal orthonitrobenzo& complexes

S. No. Compound DTA Peak | TG- Temp. weight loss Residue
(Mol.Wt) Temp(°’C) | range €C) Found (Calc.)
1 CO(O'QH“((':{?;)SSO)Z(NZW)Z 218 (ex0) | 180-220 (8??’8) Co0s
2 Ni(O'CGH“('E“%%%%O)Z(NZ""‘)Z 255 (ex0) 220-265 (82_559) NiO
. - (o—QHAggi)ESO)Z(NzHA)z 227 (exo) 195-235 (18;}8) Zn(0-CHs (NO;)COO)
' 502 (ex0) |  450-505 ©2.37) Zno
4 Cd(O'QH“(ggg)ggo)Z(NzH“)z 235 (exo) 210-260 (7:676) cdo
5 C%Ni1’3(0'0621?“;?.?3)(300)1('\‘2“4)2 217 (exo)|  200-260 (8228) NiC0,04
6 COZ’Z“”:*(O'CG'?Zg\;%():OO)Z(N2““)2 220 (ex0) |  200-230 (8f%8) ZnCo0,
7 COZ’Cd“(o'CG(HLf%‘%g)coo)z(NzH“)z 222 (ex0) |  200-240 (73127) CdCa0;

X —ray powder diffraction

The X-ray powder diffraction patterns of the coeyas were recorded and found to show sharp anasatsgnals.
The patterns are almost superimpossible which atdgcisomorphism among these complexes. The X-oayler
patterns of the mixed metal complexes are also eoafgpe with the simple complexes which also conftira
formation of solid solutions. The d values of cadmj zinc and cobalt-nickel mixed metal complexes given in
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table-3. The X-ray powder patterns of the cadmiwmglex and cobalt-nickel mixed metal complex arevehin
fig.7 and fig.8 respectively.

Table 3- X-ray Powder diffraction data of cadmium,zinc and cobalt-nickel mixed metal complexes

Cd(O-C@H4(NOz)COO)2 (N2H4)2 Zn(O-CGH4(N02)COO)2 (N2H4)2 COz/gNil/g O-C§H4(N02)Coo)2 (N2H4)2
20 Intensity d value @ Intensity d value @ Intensity d value
11.91 81.95 7.4248 13.23 29.2 | 6.6868 11.42 81.91 7.7422
13.29 114.56 6.6567 14.95 30.61 | 5.9211 13.21 90.14 6.6969
14.82 109.8 5.9748 18.02 33.53 | 4.9187 14.65 91.22 6.0417
17.90 102.57 | 4.9514 20.25 21.43 | 4.3818 17.93 82.94 4.9432
19.52 73.33 4.5430 21.68 30.38 | 4.0959 21.56 75.17 4.1184
20.88 82.26 4.2510 26.57 32.88 | 3.3521 25.16 68.02 3.5367
24.61 73.13 3.6145 29.71 32.34 | 3.0046 26.49 63.1 3.3621
26.55 65.79 3.3547 34.85 28.57 | 2.5723 29.66 54.87 3.0095
29.07 64.84 3.0693 37.72 26.75 | 2.3829 32.79 40.14 2.7291
34.42 64.6 2.6035 41.09 21.9 2.1949 42.42 47.05 2.1292
36.95 47.63 1.6462 45.42 25.35| 1.9952 44.20 35.03 2.0474
38.72 45.89 1.6733 48.44 20.21| 1.8762 47.07 36.06 1.9291
39.72 45.89 2.2037 51.3f 23.66 1.7779 50.60 636.0] 1.8025
40.92 46.19 2.2674 52.32 20.44 1.7472 52.86 B4.0] 1.7306
45.86 54.1 1.9771 57.62 18.44 1.5984 56.44 32.13| 1.6288
48.06 46.7 1.8916 63.22 18.27 1.4697 58.84 31.07| 1.5670
50.80 40.1 1.7958 72.05 18.9 1.3097% 59.84 29.03 1.5441
52.75 38.7 1.7340 74.62 18.85 1.2709 60.77 28.95 1.5240
54.82 36.45 1.6733 77.64 17.65 1.23 62.04 129.0 1.4947
55.80 36.49 1.6462 85.07] 16.35 1.14 65.95 633.0 1.4153
60.97 32.75 15184 89.5§ 16.54 1.04 79.09 135.0 1.2099

Iensity (eps)

T T T
10 0 so 70

'wo Theta (deg)

Fig.7- X-ray powder diffraction pattern of Cd(0-CgH4(NO2)COO),(N2H.4)-
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Fig. 8- X-ray powder diffraction pattern of CoysNiys(0-CeHa(NO2)COO)z(N2H )2
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