This article was downloaded by: [Moskow State Univ Bibliote]

On: 08 July 2013, At: 21:03

Publisher: Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number:
1072954 Registered office: Mortimer House, 37-41 Mortimer Street,
London W1T 3JH, UK

Synthesis and Reactivity in
Inorganic and Metal-Organic
Chemistry

Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/Isrt19

Benzoate Complexes

of Dipositive First Row
Transition Metal lons with
Hydrazine

K. Kuppusamy ?° & S. Govindarajan *

% Department of Chemistry, Bharathiar
University, Coimbatore, 641 046, India

b Department of Chemistry, Kongunadu Arts and
Science College, Coimbatore, 641 029, India
Published online: 23 Aug 2006.

To cite this article: K. Kuppusamy & S. Govindarajan (1996) Benzoate Complexes
of Dipositive First Row Transition Metal lons with Hydrazine, Synthesis and
Reactivity in Inorganic and Metal-Organic Chemistry, 26:2, 225-243, DOI:
10.1080/00945719608004260

To link to this article: http://dx.doi.org/10.1080/00945719608004260

PLEASE SCROLL DOWN FOR ARTICLE

Taylor & Francis makes every effort to ensure the accuracy of all

the information (the “Content”) contained in the publications on our
platform. However, Taylor & Francis, our agents, and our licensors

make no representations or warranties whatsoever as to the accuracy,
completeness, or suitability for any purpose of the Content. Any opinions
and views expressed in this publication are the opinions and views of
the authors, and are not the views of or endorsed by Taylor & Francis.
The accuracy of the Content should not be relied upon and should be



http://www.tandfonline.com/loi/lsrt19
http://www.tandfonline.com/action/showCitFormats?doi=10.1080/00945719608004260
http://dx.doi.org/10.1080/00945719608004260

Downloaded by [Moskow State Univ Bibliote] at 21:03 08 July 2013

independently verified with primary sources of information. Taylor and
Francis shall not be liable for any losses, actions, claims, proceedings,
demands, costs, expenses, damages, and other liabilities whatsoever
or howsoever caused arising directly or indirectly in connection with, in
relation to or arising out of the use of the Content.

This article may be used for research, teaching, and private study
purposes. Any substantial or systematic reproduction, redistribution,
reselling, loan, sub-licensing, systematic supply, or distribution in any
form to anyone is expressly forbidden. Terms & Conditions of access
and use can be found at http://www.tandfonline.com/page/terms-and-
conditions



http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [Moskow State Univ Bibliote] at 21:03 08 July 2013

SYNTH. REACT. INORG. MET.-ORG. CHEM., 26(2), 225-243 (1996)

BENZOATE COMPLEXES OF DIPOSITIVE FIRST ROW TRANSITION
METAL IONS WITH HYDRAZINE

#*
K. Kuppusamya and S. Govindarajan

Department of Chemistry, Bharathiar University,
Coimbatore - 641 046, India

ABSTRACT
Hydrazine metal benzoate complexes of the formula

M(CSHSCOO)2
metal benzoate complexes of the formula M[CBHSCOO)Z(NZH

N2H4. where M = Mn and Zn and bis{hydrazine)
4]2.
where M = Fe, Co, Ni, Zn and Mg, and bis(hydrazinium) nickel
benzoate complex have been prepared in aqueous solution by
the reaction of hydrazinium benzoate and the corresponding
metal nitrate hydrates. The complexes were characterised by
chemical analyses, magnetic, spectral, thermal and XRD
studies. The magnetic moments and electronic spectra reveal
that M(CSH5C00)2N2H4

are octahedral. Infrared spectra show that hydrazine is

is tetrahedral and the other complexes

bidentate bridging, while NZHS+ and carboxylate 1ions are
unidentats. Simul taneous TG-DTA shows that the complexes
undergo both exothermic and endothermic decomposition via

metal benzoate or oxalate intermediates to form the metal

oxide. The benzoate intermediates for the Mn, Co and Mg
complexes melt before decomposition, whereas the
(NZHS)ZNi(C6H5C00)4 complex itself melts before
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decomposition. X-ray powder pattern reveals that
tetrahedral complexes are isomorphous and except
(NZHS]ZNi(CGHSCOO]4. the other octahedral complexes are

isomorphous.

INTRODUCTION

The hydrazine derivatives of metal carboxylates are
better potential precursors to fine particle metal or mixed
metal oxides than their non-carboxylate counterpartsl. This
type of complexes containing aliphatic carboxylates such as

3,4 5-8

formatez, acetate and oxalate and

hyc\razinecar‘boxylateg_13 have been already reported.
Interestingly, some studies have been reported from our
laboratory on EDTA14. malonatels, succinatels, glycinate16
and glycolate16 complexes. Because of our interest in
carboxylate systems in general and aromatic carboxylate
systems in particular, we have endeavoured to synthesise and
conduct an exhaustive study of the spectral and thermal

behaviour of complexes of hydrazine metal benzoates. This

report presents the results of these studies.

RESULTS AND DISCUSSION

The bis(hydrazine) metal benzoate complexes have
been prepared by the reaction of the corresponding metal
nitrate hydrates and hydrazinium benzoate in agqueous

solution. The reaction may be represented as follows.
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M(N03)ZnH20 + 2 CSHSCOONZHS —_ > M(CGHSCOO)Z(N2H4]2 +
2 HNO3 +n HZO
where M = Fe, Co and Ni. The Mg, Mn, Zn and

(N2H5]2Ni(CBHSCOO)4 compounds have been prepared by mixing
the metal nitrate hydrate and hydrazinium benzoate
with/without hydrazine hydrate. The analytical data of the
complexes are summarized in Table 1. These complexes are

stable towards air and insoluble in water.

Magnetic Moments

The room temperature magnetic moments of the
compounds (Table I) show that they are paramagnetic except
the Zn and Mg complexes which are diamagnetic. The values
correspond to high spin octahedral coordination for the Fe,
Co and Ni complexes and tetrahedral coordination for the Mn

5

complex which is a d° system. The structures of the

complexes are given in Fig.1l.

Electronic Spectra

The electronic spectra of the Fe, Co and Ni
complexes are in support of octahedral coordination around
the metal ions. For example, the nickel complexes exhibit

two bands at 9710 and 28,330 cm‘-1 which are assigned to
3 3 3 3 :

Azg(F)———» ng(F) and Azg(F] —_— Tlg(P), respectively.
The intense yellow-green colour of Mn complex and the

absorption around 22220 cm-1 confirms the high spin

tetrahedral coordination around Mn17.
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Table I. Analytical and Magnetic Data

Compound Colour Meltin % Hydrazine % Metal Yield Magnetic
point( C) Found/{Calcd.) Found/(Calcd) % moment (B.M)

Mn(C6H5600)2N2H1¢ Yellow green 1952 10.00 16.30 80 5.82
MnCléH“‘OANZ (9.73) (16.69)

Zn(CSHSCOO)ZNZH/o Colourless 1607 9.20 19.80 80 Dia-
ZnC14H11,04N2 (9.44) (19.25) magnetic
FE(CEHSCOO)2(N2I44)2 Light green 1607 17.50 15,40 75 5.27
FeC, H gO,N, (17.70) (15.42)

CO(CEH5COO)2(NJII,)2 Pink 180‘a 17.70 15,70 95 4.85
CDC14H1804N4 (17.55) (16.13)

Ni(CHC00) ,(NH, ), Blue 150° 17.70 15.70 90 3.44
NiclAHlBOANA (17.56) (16.08)

Zn(CH C00) ,(NH ), Colourless 180° 17.50 17.20 90 Dia-
ZnCIAHIBOIoNIo (17.24) (17.59) magnetic
Mg((C6H5COO)2(N2H4)2 Colourless 70° 19.60 7.70 75 Dia-

Mgl Hig0.N, (15.38) (7.35) magnetic
(N2H5)2N1'(C6H5COO)4 Light blue 121 10.80 10.20 85 3.52
N1625H3008N4 (10.52) (9.64)

a: decomposition

8TC

NVIVIVANIAOD ANV AWVSNddNX
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M (CgH5CO0)2 N2 H, , Where M =Mn and Zn

M:=N
M{(CgH5CO0) (N7H4)2 (N9Hg) sM(CgH5COQ), , Where i

Where M= Fe, Co, Ni,Zn and Mg

Fig.1 Proposed structures of the complexes

Infrared Spectra

The infrared spectra of the complexes are presented
in Table 1I. The hydrazinate complexes show the asymmetric
and symmetric stretching frequencies of carboxylate groups
in the range 1560-1620 and 1390-1415 cm_l. respectively.

1

The AV ( vasym - Vsym) separation around 200 cm is in
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Table II. Infrared Data

M(C6H5C00)2N2H4 M(CGHSCOO)z(N2H4)2 (N2H5)2N1(66H5600)4 A551gf?ents
T Za T FeTTTTTTT R NI (cm =)

3360 3360 - 3350 3350 3350 3360 3360

3325 3325 3330 3300 3300 3300 3310 3300 N-H stretching of NH2
3260 3255 3235 3250 3250 3250 3260 3250
3175 3175 - 3175 3170 3175 3185 3175

.
- - - - - - - 2660 N-H stretching of NHB
2550
1610 1605 1600 1600 1600 1620 1620 1685 C00 asym. stretching
1545 1550 1560 1540 1520 1540 1560 1625 NH2 bending
+

- - - - - - - 1535 NH3 bending

1415 1400 1400 1400 1390 1400 1400 1400 C00 sym. stretching

965 970 g80 970 970 970 975 970 N-N stretching

520 520 540 520 540 520 540 520 M~0 stretching

500 440 470 500 440

400 360 370 400 390 400 380 400 M-N stretching

320 380 320

0¢T

NVIVAVANIAOD ANV AWVSNddNA
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support18 of monodentate coordination of the carboxylate

groups. The N-N stretching frequencies in the region 965-

380 cm-1 are assigned to bidentate bridginglg coordination

of N2H4 in hydrazinate complexes. The hydrazinium complex

is distinguished from the hydrazinate complex by the N-N
-1

stretching frequency20 of coordinated N2H5+ at 1015 «cm

Moreover, the stretching frequencies of carboxylate and
bending frequencies of NH2 in hydrazinium complex are
greater4’7 than those of hydrazinate complexes. This is

probably due to the more polarised nature of the hydrazinium

complex than the hydrazinate complex.

Thermal Studies

M(CGHSCOO) N2H4 (where M = Mn and Zn). The thermal

2

decomposition of the complexes reflect their composition
(Table T1I}). They undergo two-step decompositions. In the
first step, hydrazine is lost exothermically to form the
metal benzoate intermediate. The manganese benzoate
intermediate melts at 257°C which is observed as an
endotherm in the DTA curve, whereas for the =zinc benzoate
such a phase transition is not observed. The second step
involves the decomposition of the intermediate to form the

corresponding metal oxide. The DTA curves show an endotherm

and exotherm(s) for this decomposition. This may be
interpreted that this step represents a continuous
decomposition with the formation of other, less stable

intermediates before forming the metal oxide. Simultaneous
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Table III. Thermal Data _ il
DTA Peak Thermogravimetry Decomposition
Compound Temperature Tgmp. Weight loss (%) product
(°c) (°C)  mmmmmmmmmeee
Found Calcd.
210(-) 195-225 10.00 8.73 Mn(C 5600)2
257(+) - - - melting
Mn(C_H _CO0) 319(-)
EHS 2N2H4 368(+)} m 280-430 74.00 73.58 Mn02
400(-)
180(- 4 160~235 10.00 9.44 Zn(CSHscOD)2
Zn(CSHSCUO)ZNZH gég{: 300-500 75.50 76.04 Zn0
4
455( =)
324(~) 162-425 48.40 48.12 Fe,(C,0,) 4
Fe(CH C00) ,(NAH, ), 400(-)
660(+) 600~685 77.00 77.95 F8203
190(-) 180-240 18.00 17.55 CO(CSH5COO)2
270(+) - - - melting
Co(C_H_C00) (N_H,)
&'s 242 335(+) 300-470 77.50 78.03 Co 0,
450(-
305(- 150-320 51.00 51.02 N16204.N2H4
Ni(CBH c00) (N2H ) 325(+) 320-420 79.00 79.53 Ni0O
5 2 42
380(-
g;gg:; 180-235 13.50 12,93 Zn(CsHSCOO)ZO.SNZH4
Zn(CSHSCOO)Z(N2H4)2 f?g;:) 235-425 58.70 58.73 ZnC204
495(- d 425-520 78,00 78.11 zZno
100(+) 70-250 19.00 19.38 Mg(C_H_C00)
120(+) 6's 2
Mg((CSHSCOO)Z(NZHA)Z 340(+) - - - Melting
500(+)
525(-) 400~535 88.00 88.44 MgOo
120(+) - - - Melting
170(-) 130-240 30.00 30.56 Ni(C6H5600)2C6H5COOH
- -, . . 0
(NH ) NI(CHCO0) 32354) 240-325 50.50 50.61 Ni(CH C00)%
375(+;d 325~380 76.00 75.92 NICZOA
405(-) 380-450 88.00 87.74 NiO

d: doublet; m: multiplet; (+) endotherm; (-) exotherm
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TG-DTA of the manganese complex is given as a representative

example in Fig.2.

Fe[CSHSCOO)z(N This complex shows an unusually high

2Hyg) s

decomposition temperature compared to the low decomposition

temperature of other complexes in this series. The pattern
of the TG curve indicates that of this complex wundergoes
decomposition to the metal oxide in two steps. In the first
step, the exotherms at 324 and 400°C correspond to the
formation of ferric oxalate intermediate. The weight 1loss,
as shown in the TG curve, is in good agreement with the
proposed intermediate (Found: 48.40%; Calcd.: 48.12%). This
intermediate 1is able to sustain heat wupto 600°C without
decomposition as it has been observed in the case of a
lanthanum oxalate intermediate reported elsewhere21. Above
600°C finally it starts decomposing to give Fezoa. The
decomposition is endothermic (GGOOC) as shown by DTA.

M(CSHSCOO)Z(N2H4)2 (Where M = Co and Mg). The simultaneous

TG-DTA of the above complexes reveal that both follow the
same two-step decomposition with the metal benzoate
intermediate undergoing phase transition during melting.
The melting temperature of the cobalt benzoate (27OOC) is
less than that of magnesium benzoate which melts at 340°C.
The DTA shows an endotherm corresponding to this change
without weight 1loss 1in the TGA. The formation of the
intermediate 1is accompanied by a weight loss corresponding

to two hydrazine molecules. The loss of hydrazine molecules
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Fig.2 Simultaneous TG-DTA of Mn (CgHgCOO)2 N2H,

in the former compound is exothermic at 190°¢ whereas the
same loss in the latter compound is endothermic around
100°c. This may be due to a weaker Mg-N bond which
lacks d-orbital contribution, In the second step, the
intermediate undergoes endothermic decomposition followed by
an exotherm in a single step to produce the respective metal
oxide. Fig., 3 shows the TG-DTA thermograms of the cobalt

complex.

Ni(CGHSCOO)z(N2H4)2. The simultaneous TG-DTA of the complex

is presented in Fig. 4. TG shows a two-step decomposition
pattern. The initial weight 1loss corresponds to the
formation of NiCZO4.N2H4 by an exothermic decomposition at

305°C. This intermediate decomposes to give NiO as the
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Fig.3 Simultaneous TG-DTA of Co (CgH5COO)2 (N2H4)2
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Fig.4 Simultaneous TG-DTA ot Ni{CgH5C00Q)72 (N2H4)2
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final product. This is observed as an endotherm at 325°
and an exotherm at 380°% in the DTA. Its acetate4

counterpart also undergoes a two-step decomposition giving

NiO as the end product.

Zn(CGHSCOO)Z(N2H4)2. This compound follows a different mode

of decomposition compared to its monohydrazinate complex.
Simultaneous TG-DTA shows that the thermal decomposition
takes place 1in three steps. The first exotherm at 215%
corresponds to the loss of 1.5 N2H4 as supported by TG.
This species undergoes endothermic decomposition at 325 and
390% to produce the zinc oxalate intermediate. Finally,

the intermediate decomposes exothermically at 475 and 495°C

{doublet) to form ZnO as the final product,

(N2H5)2N1(66H5C00)4. This 1is the only complex 1in this

series that melts before decomposition. This is observed as
an endotherm in the DTA at 120°c. TG shows four steps
corresponding to the formation of nickel benzoate benzoic
acid, nickel ©benzoate, nickel oxalate and oxide. The
exotherms at 170 and ZSSOC. respectively, indicate the
formation of the first two solid products. The formation of
the first product is supported by the fact that benzoic acid
is not 1lost before 250°C as its boiling point 1is 250°C.
Nickel benzoate decomposes endothermically at 360 and 375°%C
(doublet) to form the oxalate. This finally undergoes
exothermic decomposition at 405°C to form the solid product
NiO. Simultaneous TG-DTA curves of the complex is given 1in

Fig. 5.
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Fig.5 Simultaneous TG-DTA of (N2Hsg)2Ni(CgHg5CO0),

X-Ray Powder Diffraction Studies

Table IV gives the X-ray powder diffraction data of
the complexes. The values of d-spacings and percentage of
intensity reveal the following findings.

Mn{C COO]ZN and Zn(C COO]ZN complexes have

6''s 2ty 615 2ty

almost the same values of d-spacings and number of peaks.
Hence, both are isomorphous and possess tetrahedral
structure.
M(CGHSCOO]Z(N2H4]2. where M = Fe, Co, Ni, Zn and Mg,
have more or less the same values of d-spacings indicating

isomorphism among them.

In the case of [N2H5)2N1(CBHSCOO)4, the wvalues of

d-spacings are different from those of Ni(CGHSCOO]Z(N2H4)2
and other hydrazinate complexes confirming that its
structure is different from the other complexes reported in

this paper.
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Structure and Metal Coordination

Based on analytical data, general behaviour and
physicochemical studies, the following structures may be

proposed for the compounds reported.

EXPERIMENTAL

All chemicals used were of analytical grade and the
solvents were distilled before use. The ligand hydrazinium
benzoate was prepared as reported earlierzz. Hydrazine
hydrate (99-100%) was used as received in these

preparations.

Preparation of Complexes

Mn(CGH COO)Z.N H Manganese nitrate hexahydrate (2.87 g,

5 2 4°

0.01 mol) in 50 mL water and 50 mL of an aqueous solution

containing a mixture of hydrazinium benzoate (6.17 g, 0.04
mol) and hydrazine hydrate (2 mL, 0.04 mol) were mixed and
stirred well, The crystalline precipitate formed after a
few minutes was filtered, washed with alcohol and ether and

dried over PZOS‘

Zn(C COO]Z.N Zinc nitrate hexahydrate (2.97 g, 0.01

615 2ty

mol)} was dissolved in 100 mL of distilled water. Toe this

clear solution was added an aqueous solution (50 mL)
containing hydrazinium benzoate (6.17 g, 0.04 mol) with

constant stirring. After a few minutes the solid product
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formed was filtered, washed with alcohol and ether and air-

dried.

M(CSHSCOO)Z(N2H4)2 (where M = Fe, Co and Ni). The complexes

were prepared by mixing an aqueous solution (50 mL )
containing the corresponding metal nitrate hydrates (e.g.,

Co(NO .6H,0, 2.91 g, 0.01 mol) and an aqueous solution (50

3)2 2
mL) of hydrazinium benzoate (3.08 g, 0.02 mol) with constant

stirring. The complexes which formed slowly were allowed to

settle for sometime and separated as mentioned above.

Zn(CGHSCOO)Z(N2H4)2. An aqueous solution (100 mL)

containing zinc nitrate hexahydrate (2.97 g, 0.01 mol) and a

solution containing a mixture of hydrazinium benzoate (6.17
g, 0.04 mol) and hydrazine hydrate (2 mL, 0.04 mol) were
mixed and stirred well. The complex formed immediately and
was digested over a water bath at 70°C and filtered, washed

with alcohol and air-dried.

Mg(CBHSCOO)Z(N2H4)2. Magnesium nitrate hexahydrate (2.56 g,

0.01 mol) was dissolved in 50 mL of water and to this an
aqueous solution (100 mbL) containing a mixture of
hydrazinium benzoate (3.08 g, 0.02 mol) and hydrazine
hydrate (7 mL, 0.14 mol) was added slowly with stirring.
The clear solution was concentrated on a water bath for a
few hours, A white solid separated. It was filtered and

processed as described above.
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(N2H5)2N1(C6H5C00)4. This was the only complex formed as

hydrazinium containing metal benzoate. It was prepared by
mixing an aqueous solution (50 mL) containing nickel nitrate
hexahydrate (2.91 g, 0.01 mol) and a solution containing
hydrazinium benzoate (6.17 g, 0.04 mol) and stirring well.
The complex was formed immediately. It was then filtered

and handled as before.

Physico-chemical Techniques

The hydrazine content in the complexes was
determined by titrating against 0.025 M KIO3 solution wunder
Andrews conditionsza. The metal content was determined
volumetrically using a standard EDTA solution after
decomposing a known amount of the complex with concentrated
nitric acidzs.

The magnetic susceptibility of the complexes was
measured using a Gouy balance at room temperature using
mercurytetrathiocyanatocobaltate [HgCo(CNS)4] as the
calibrant.

Electronic spectra in the solid state were obtained
using a Hitachi U-3400 spectrophotometer and dispersing the
solid samples in Nujol.

Infrared spectra in the region 4000-200 cm_1 were
recorded on pressed pellets of KBr using a Perkin Elmer 597
spectrophotometer.

The simultaneous TG-DTA data of the complexes were

recorded employing a STA 1500 thermal analyser. All the
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experiments were carried out in air, at a heating rate of

10°

C per minute. The amounts of the complexes taken for
analyses were 5-10 mg. Platinum cups were used as sample
holders and alumina as reference.

The X~-ray powder diffraction pattern of the

complexes was recorded using a Philips X-ray diffractometer

model PW 1050/70 employing CuKx radiation with a nickel

filter.
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