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ABSTRACT

Reaction of aqueousmetal (Ni(11), Co(Il), Cd(11), Zn(I1), Cu(I1) and Mn(11))
nitrate/ acetate solution with an aqueous solution mixture of hydrazine and
2-hydroxy - 1- naphthoic acid yielded the complexes with formula,
(N,H,),[M{C H (CO0)(O)},(H,0),] whereM(ll) = Ni, Co, Cd, Zn, Cuand
MninthepH rangeof 4-7 and [M(N,H )}{ C, H(COO)(O)} (H,0),] where M(1)
= Ni, Co, Cd and Zn at the pH 9. They were characterized by the spectro-
scopic methods, IR, UV- visible and ESR, magnetic measurements, simulta-
neous TG-DTA methods and XRD. Hydrazinium metal naphthoate com-
plexes undergo endothermic dehydration from 105°C to 200°C and a strong
exothermic decomposition between 336°C and 465°C, forming the respective
metal oxidesviaunstableintermediate[M{C, H (COQO)(O)}], whileneutral
hydrazine complexeslosewater and hydrazine exothermally inthe range 192-
230°C, and then undergo strong exothermic decomposition above 230°C
upto 451 °C to form metal oxides with no stable intermediates. Incineration of
all the complexes at their decomposition temperatures gives metal oxides
with theparticle sizein therange of 25 - 50 nm. The electronic spectraof the
Ni, Co and Cu complexes reveal their probable geometry distorted octahe-
dral with CN 6 which was further substantiated by magnetic susceptibility
measurement and ESR study. Thekinetic parametersfor their decomposition
have been evaluated by using integrated Coats-Redfern equation from TG
data. © 2009 Trade Sciencelnc. - INDIA
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Compl exes between naphthal ene derivativesand
different metal ions have been studied sincethe early
1960s. In these studies, different methods, such as
voltammetry™™, spectrophotometry and flame atomic-
absorption spectroscopy!?® have been used to ex-
amine these complexes. In general, 2-hydroxy -1-

naphthoic acid isawell known naphthalene deriva-
tive, because of itsexcellent co-ordination capabil-
ity dueto—OH group together with the carboxylic
group on adjacent carbons (Figure 1). Asexamples,
several references on studies of complexes of lan-
thanides and uranium® with 2-hydroxy-1-
naphthoic acid have been found. It isalso noted that
a ternary complex between 2H1INA and
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nitrilotriacetic acid with Cu(ll), Ni(I1) and Zn(Il) has
been reported by Pradyot Kumar Dattaet a'®. These
moleculesare used asfluorescent indicatorsand in
the manufacture of dyestuffs.

COOH

OH

Figurel: 2-hydroxy-1-naphthoicacid

Hydrazine, aversatileligand acting in different
fashions, monodentate (Figure 2a), bidentate (Fig-
ure 2b) and monodentate cation (Figure 2c) leading
to theformation of polymeric complexes”® can also
act asacharge compensating specieslike N H, " am-
monium cation!®. Thermal decomposition of
hydrazinium meta carboxylatesisinteresting dueto
their easier combustibility. Simultaneous DTA-TG-
DTG study of metal hydrazine formate!'¥, succi-
natel*y and hydroxybenzoate™ indicate that these
complexesundergo decomposition at lower tempera-
ture than their non-carboxylate counterparts. This
behaviour has been used for the preparation of fine
particles of ferrites*® and cobaltites' at the low
temperatures. In thiswork, preparation of mixed
ligand complexesusing 2 hydroxy- 1- naphthoic acid
and hydrazine asligands and their thermal decom-
position have been studied.
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Figure2a: M onodentatehydrazine
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Figure2b: Bidentatehydrazine
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Figure2c: Monodentate hydrazinium cation
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EXPERIMENTAL

Prepar ation of complexes

(NH,),[M {C H,(COO)(O)},(H,0),] where
M(I1)=Ni, Co,Cdand Zn

These complexeswere prepared by adding 60 mL
of thehot ligand solution a 60° C containing an aqueous
solutionmixtureof 2-hydroxy-1-ngphthoicacid (0.188g
; Immol) and hydrazine hydrate (0.1mL; 2mmol) to 20
mL of anagueoussol ution of therespectivemetd nitrate
(for example, 0.291g of Co(NQ,),.6H,0; Immol in
20mL of distilled water) a pH 6. The same procedure
was adopted for the preparation of cadmium complex
a pH 7, manganous complex at pH 6 and copper com-
plex a pH 4, by taking theratio, metd :acid: hydrazine,
1:1:4,1:2:4and 1:2:4, respectively.

M anganous complex was prepared by taking man-
ganous acetatetetrahydrate as starting material . Cop-
per complex was prepared by using 1: 1 water-alcohol
solution of theligand at theroom temperature.

Theabove solution mixtureswhich gppeared cloudy
at first, turned out to be amicro crystalline solid on
digestion when kept over ahot water bath at 90°C for
20 minutes. It was cooled, filtered and washed with
distilled water, ethanol and thenwith ether. Thecrystds
weredriedin adesiccator over anhydrous CaCl,,.

M (NO3)2XH ZO/M n(CH 3COO)24H ZO+ pH 4-7

ClOH 6(COOH)(OH)+XN2H 4.H 20

-
'

water / water -alcohol
medium

(N2H5)o[M{C1pH(COO)(0)}o(H,0),]

[IM(N,H ){C,H,(COO)(O)}(H,0),] whereM (I 1) =Ni, Co, Cd
andZn

These complexeswere prepared by adding 60mL
of thehot ligand solution at 60° C containing an aque-
ous solution mixture of 2-hydroxy-1-naphthoic acid
(0.188g ; 1m mol) and hydrazine hydrate (0.5mL
;10mmol) to 20 mL of an agueous solution of there-
spective metal nitratepH 9.

M (NO3)2.XH 20+ pH 9
—_—
CloHG(COOH)(OH)+1ON2H4Hzo water medium

[M(N2Hg){C1gHs(COO)(0O)}(H20),]

All the complexes obtained are microcrystalline
solids, whicharestableinair and insensitiveto light.
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They areinsolublein water and in common organic
solventslike ethanol, acetone and chloroform. The
analytical dataof the complexesare compatiblewith

the proposed composition for the complexes
(TABLE1).

TABLE 1: Analytical and IR data of thecomplexes

Analytical data (%) IR data

Molecular Formula of Complexes Colour Y(i)/ild Do.gt/ Carbon Hydrogen Nitrogen Hyrazine Metal Vo pr Vc=0 Vco  Vaym

Fd. Fd. Fd. Fd. Fd. (H0) (H,0) asym sym vy Mo UNN T NH

(caled.) (caled)  (caled) (caled) (caled) om®  em-1  om®  om® emt M mocm
oo o) L w i B8 Z e @ iem i, o s
motc ) T w w G0 G 0 g S & o, 8B
(NHg),[CA{ C,oHs(COO)O)}» (H,0):] White 95 175 (‘E'_t) (j:j) (g:g) (ig:g) (ig; 3(4;;0 %7 1%3 1(4;)1 212 ‘E’ﬁ)z sg)z 3(3110)5
e o) B 0w S0 &7 B D E W @ b AL, @ B o
G 0y L 0w S & ) E ms ub @ e ) g oo s
icicnoonon = » o & G E B E B 8 6 8 . 8BS
T I b BN EEE
oo 0 ow &G 0 O b 8 B & . &2
[CAN:H){ CuoHo(COO)(O)} (H0).]  White 95 210 (gg:g) (g:;) (;:2) (gz% (gg:% 3&34 %7 12332)3 1‘(‘31)1 212 ?i; 9(;8 3(235)‘4
[ZN(NH){ CoHo(COO)(O)} (H;0);]  White 85 180 (ﬁ:g) (j:i) (g:;) (igzg) ég:g) 3(4[34 8(25? 1%)8 1‘(‘51)1 207 ?;’)3 9(‘5‘)3 3?;7

b = broad; s= sharp; m = medium
Physicochemical techniques

The compositionsof the complexeswerefixed by
chemical analysisand confirmed by micro e emental
andyss. Hydrazine content was determined by titrating
against standard K10, (0.025mol L) under Andrew’s
conditions. Metal Contentsweredetermined by titrat-
ingwith EDTA (0.01mol L) after decomposing the
complexeswith 1:1 nitricacid*®.

IR spectra of the complexesin the region 4000-
400 cnmrt wererecorded as K Br pelletsusing aPerkin
Elmer 597 spectrophotometer. Electronic reflectance
spectrafor the solid state complexes were obtained
using aVarian, Cary 5000 recording spectrophotom-
eter. Themagnetic susceptibility of thecomplexeswas
measured us ng avi brating samplemagnetometer, VSV
EG& G Model 155 at room temperature and the data
were corrected for diamagnetism.

The X-ray powder patterns of the complexeswere
recorded using aPhilips X-ray diffractometer (model
PW 1050/70) employing Cu-K a radiation with a nickel
filter. Thesmultaneous TG-DTA experimentswerecar-
ried out usng SDT Q600 V 8.3instrument and Stanton
781 simultaneoustherma anayzer. Therma analyses
werecaried outinair at theheatingrateof 10°C min
1using5to 10 mg of the sampl es. Platinum cupswere
employed assample holdersand duminaasreference.
The temperature range was ambient to 700 °C. The

SEM images of theresidua oxideswererecorded us-
ing aCambridge Scanning Electron Microscopewith
EDAX attachment (CF).

RESULTSAND DISCUSSION

Electronic spectra, magnetic susceptibility and
ESR spectra

The cobalt complexes of hydrazinium transition
metal complexes register aband in the regions of
18170 and 20000 cm* due to transitions 3Tlg (F)
—>“Azg (F) and 3Tlg (F) —>“Tlg (P) of typical six co-
ordinated Co(ll) complexes. The corresponding
nickel complexes show bandsin theregions 16130,
18180 and 26320 cm* which are ascribable to tran-
sition 3A29 - 3Tlg (F) and the copper complex shows
bands in the regions 13,540 and 18,670 cm* as-
signedto’B, — °A, 2 and ’B, 0 B, 2 transitions,
respectively, evl idencethe octahedral geometry of the
complexes®. The magnetic moment va ues obtained
for the nickel, cobalt and copper complexes, 3.25,
4.95 and 1.8 BM respectively, confirmthe high spin
octahedral structures.

Theaxia ESR spectrum for copper complex shown
inFigure3hasfeaturesat gy=2.1andg, =1.9which
clearly indicatethat the copper(ll) ion geometry isthat
of adistorted octahedron.
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Figure3: ESR spectrum of (N,H_),[Cu{C, H,
(H0)

A band appearsin the region 23584, 22030 and
19685 cm™ and is assigned to the 4T1g (P) —>“T1g ()
trangtionfor Co (1) complex. Thecorresponding nickel
complexes show bands in the region 25316, 23696
and 22270 cmt which areassigned to 3AZg —>3T1g tran-
sition, substantiating the octahedral environment of
Ni(1l). Theeffective magnetic moment va ues, 3.20 and
5.09 BM of Nickel and Cobalt complexesrespectively,
also support the geometry.

IR spectra of complexes

e prreg

(COO)(O)},

The IR spectrd dataof thecomplexesare summa:
rizedinTABLE 1.
All thehydrated complexesdisplay amedium broad

—= Fyll Poper

peak centered around 3440 cn?, indicating the O-H
stretch of water molecules. An additiona sharp peekin
the region 827-829 cm™ is observed which may be
dueto the presence of coordinated water molecules.
The sharp bandsintherange of 3309-3236 cmr which
were not seen inthe spectrum of freeacid, areduetov
wn Of NLH_*ionand hydrazine. Inall thecomplexesthe
asymmetric and symmetric sretching frequenciesof the
carboxylateion are seenintherange 1616-1631 cm'?
and 1409-1411 cm?, respectively, with an average separ
ration of (Av = v, - Us/) 220 cmtindicating the
monodentate coordination of carboxylate oxygen to
metal. The N-N stretching frequencies for the
hydrazi nium complexesobserved intherange of 972-
977 cmr! is an ample evidence for the presence of
noncoordinated N,H."ioninthecomplexes. Inthecase
of neutral hydrazine complexes, N-N stretching fre-
guency isobserved intherange of 943-958 c* which
istheevidencefor neutrd, bridging hydrazing®.

Thermal studies

Thethermd dataof the complexesare summarized
INTABLE 2. Thecompositionsof theintermediatesand
thefinal productsarethosewhich best fit with the ob-
served masslossesinthe TG studies. Thermogravimetric
resultsarein good agreement withthe DTA data

TABLE 2: Thermal analysisof the complexes.

TG
Molecular Formula of DTA peak - .
Complexes Temp (° C) Temp:). Weight l10ss% Decomposition products
Range(°C) obsd. calcd.
173 (+) 150-195 6.6 6.8  (N2Hs):Ni{ C1oHe(COO)(0)},
. 240 (- 195 -290 53.8 53.7 Ni{ C1oHg(COO)(O

(NHINH CoH(COONONAH0) 560 () {Cu(COO)ON

392 () 290-700 858 859 NiO

200 (+) 180-220 6.7 6.8  (NHs),Co{ C1oHs(COO)(0)} »
(N2Hs),[Cof C10Hs(COO)(0)} 2(H,0),] 252 (-) 220-334 541 540 Co{ C10Hg(CO0)(0)}

364 (-) 334 -700 84.8 84.9 C0304

180 (+) 170-190 6.2 6.1 (N,H5),Cd{ C10Hg(CO0)(0)} »
(N,Hs)o[ Cd{ C1oH6(CO0)(0)} 5(H50),] égi 8 190-272 489 4838 Cd{ C1oHs(COO)(0)}

416(.) 272-700 780 781 Cdo

186 (+) 176 - 220 6.6 6.7 (N2Hs)2Zn{ C1oHs(COO)(0)} »

257 (-) 220-317 532 53 Zn{ C1,Hg(COO)(0)}
(NoHe)[Zn{ CioHo(COO)(O)}o(H0)] 366 ()

412 (-) 317-700 84.8 84.9 ZnO

465 ()

Continued
—==mm>  [norganic CHEMISTRY

Au Tudian Journal



158

Preparation of transition metal 2-hydroxy-1-naphthoate complexes

ICAIJ, 4(4) December 2009

FPull Paper

TG
Molecular Formula of DTA peak - -
Complexes Temp (° C) Tem[i. Weight loss% Decomposition products
Range(°C) obsd. calcd.
374 () 205-700 834 836 MnO,
105 (+) 98-125 66 67  (NHs),Cu{ CigHg(COO)(O)},
336 (-) 260-700 850 85.2 Cuo
. 226(-) 174-255 377 377 [Ni{ Cs Hy(COO)(O)}]
[Ni(NzHa}{ CaoHs(COO)O)} (HO):] 357 (-) 255-700 762 761 NiO
230(-)  171-246 375 377 [Co{ Cs Hy(COO)(O)}]
[ColNHa){ CaoHs(COO)O)} (HO)] 337()  246-700 742 744 C0:0,
212 (-) 170-233 323 322 [CH{ Cs Hy(COO)(O)} ]
[Cd(N2H){ C10He(COO)(0)} (H20)2] Zgé E: 233700 649 650 cdo
192(-)  175-232 37.0 369 [Zn{ Cs H4(COO)(O)}]
[Zn(NzH){ C1oHs(COO)(O)} (H0)2] 451()  232-700 747 745 Zno

(+) = endotherm; (-) = exotherm

(N,H),[M {C H, (COO)(0)},(H,0),] where
M=Ni, Co,Cd,Zn,Mnand Cu

The TG curvesreved three step decomposition of
the complexes. Dehydration takesplaceinthefirst step,
exhibiting endothermsin therange of 105-200°C (Fig-
ure 4a), followed by a decomposition in the second
step forming an unstable intermediate, probably
[M{C,H,(COO)(O)}], withadisplay of an exother-
mic peak intherange of 166-257°C in DTA. During
thelast step of decomposition of the complexes, the
intermedi ate degradesto the respective metal oxide
showing astrong exothermic peak in therange of 336-
465°C.

g ]y —>0g
A

Weight (%)
Temperature Difference (°C)

600 To0

2n B
-0 Eed] 200

300 &00 s00

Temperature ("CSw
Figureda: TG-DTA of (N,H,),[Zn{C H (COO)(O)},(H,0),]

The sequence of reactions proposed for the de-
compodgtionsare:

(NoHg)2[M{(C1gHg(COO)(0)}(H50),] 105-200°C

(NoH5)5[M{C1oH(COO0)(O)}5]+2H,0

(NaH),[M{C1oHe(COO)(O)}]+11%40, _166257°C
[M {CloH 6(COO)(O)}] +2N 2H 4+11C02+4H 20

[M{C1oH¢(COO)(0)}]+0, _336465°C
M O/M 304/M O,+CO,+H,0

Themetal oxidesformed after theincineration of
the complexesat their decomposition pointsfound from
DTA, followed by sintering at the sametemperaturefor

_||c~:

| 3\ ‘ .
\ 2 |
[ 'J‘ '\ i T | 30

R | R
it ]"3'!' IH‘ ‘I t 40 =
£ | k\\\ 'i : g
T | 0 S
; ) \\\ | é

"

PR, S — - |
S00 00 700

Temper<ature (°C)

Figuredb : TG-DTAof [Zn(NH ){C H(COO)(O)}(H,0)]
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about 3 -4 hourswerefoundto be pureand uniformin
nano scale (25-50 nm) as noted from XRD using
Scherer’s formulal*®. The oxides obtained inthisway
are expected to be chemically more homogeneous, free
of contamination by impuritiesand highly reactive. Asa
representative example, imageof MnO, fromSEM is
showninFigure5.

[(N,H,)M{C H (COO)(0)}(H,0),] whereM(I1) =
Ni, Co,Cdand Zn

Thes multaneous TG-DTA results of al thecom-

> Fyll Peper

plexesaresimilar and al of them undergo two stages of
weight lossupon heating (Figure4b). Thefirst stage,
which occursintherange 170-255 °C, is attributed to
thelossof two water moleculesand onehydrazinemol-
ecule. In DTA, thisloss of water is observed as an
exothermintherange, 192-230°C. Though intermedi-
ateswork out to be the respective metal phthalates,
they arefoundto be highly unstable. Finally, they un-
dergo astrong exothermic decompositionintherange
337-451°C, resulting in the formation of correspond-
ing metal oxidesasfina product.

0000 PC-SEM

Sum

20KV X3,000

Figure 5: SEM imageof MnO,

X-ray diffraction

X -ray powder diffraction of the complexesis
shown in Figure 6a& Figure 6b. XRD dataof the
complexesreveal thei somorphl sm among the com-

l.....M‘......-,,___... T AW ' I AP

Lin (Counts)
Lil

' |

|

i""# 'M.a,m.":r I\ W‘zj W xh"lm'ﬁ“ﬁ‘mj“hw ) 'm"\‘"!'l'lll"“”“"“lf“‘“"““

Lin (Counts)

-2-Theta - Scale

Figure6a: XRD of (i) (N H)INH{C
and (i) (N,H,),[Cd{C, H

1wH(CO0)(O)},(H,0),]
(COO)(O)},(H,0),]

10" '6

plexes (N,H,),[M{C H (COO)(0),}(H,0),]
where M= Ni, Co, Cd, Zn, Mn and Cu and
[(N,H)M{C H/(COO) (O)}(H,0),] where M(lI)
= Ni, Co, Cd and Zn.
w0 o . ) 1
. ’ 1
W!l 'wLH L‘ WA MM s romene MJ

2 Theta - Scale

Figure6b: XRD of (i) [Ni(N,H ){C
(i) [Zn(NH {C H

oH,(COO)(O)}(H,0),] and
(COO)(O)}(H,0),]

10" '6
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Evaluation of kinetic parameters

Fromthe TG curves, thekinetic parametersi.e. n
(order of reaction), E (energy of activation), A (pre-
exponentia factor) and AS (entropy change) were de-
termined (shownin TABLE 3). Thelinear plotsare con-
structed for the different decomposition stepsusingin-
tegrated Coats- Redfern equation® and correlation
coefficient valueswereeva uated. The best linear plot

obtained for each of the decomposition stlageswas cho-
sen asthe mechanism of thereaction, inwhichthe cor-
relation coefficient valuewas closeto unity. By using
different valuesof order of reaction, straight linewas
fitted by regression. Thehighest valueof r (correlation
coefficient) gavethe correct value ‘n’. From the slope
andintercept, E and A vaueswerecalculated. UsngE
and A values, thevalueof AS was determined.

TABLE 3: Kinetic parameter sof thecomplexes

Molecular formula of the Complexes Reaction EinKJ A n ASinKJ
. Dehydration 68.2182 3.0605X10° 0.1 0.02789
N,Hz) [ Ni{ (C1oHs(COO)(O)} o(H,0
(N2Hg)[Ni{ (C1oHo(COO)(O)o(Hz0):] Decomposition  69.2407 23077X10° 3 0.02678
Dehydration 98.5421 65417 X10° 3 0.05557
N,Hz),[Co{ (C10Hs(COO)(0)} (H,0
(N2Hs)2[ Cof (C1oHe(COO)(O)} o(Hz0) Decomposition ~ 75.6678  7.00349 X10° 3 0.03079
Dehydration 48.2186 6.7225X10° 0.1 0.02243
NHs),[ Ca{ (C10Hs(COO)(O)} » (H,0
(N2Hg)o[ C{ (C1oHe(COO)(O)}2 (Hz0)] Decomposition  38.8321 6.7212X10° 03 0.03061
Dehydration 113.227 9.5317 X 10" 3 007355
(N2Hg)2[Z1 (CaoHs(COO)O)} A(H-O)] Decomposition  21.6869 43343X10° 3 0.0373
Dehydration 127.591 7.1443 X10" 3 008918
(N2Hg)o[Mn{ C1oHe(COO)(O)} 2(H0)] Decomposition  39.3826 6.1887 X 10° 3 0.03034
Dehydration 102.8363  1.1668 X10% 3 007436
N,Hs).[ C{ (C1oHs(COO)(0),} (H,0
(N2Hg)o[ CU{ (C10He(COO) (O)2} (H20):] Decomposition 884917  2.3335X10° 01  0.1349
. Dehydration 33.0399 55116 X 10’ 0.1 0.03834
[Ni(NHa){ CaoHs(COO)O)} (HO):] Decomposition ~ 283845  40126X 107 3 00371
Dehydration 27.5704 1.21927 X 10° 0.1 0.04121
[CO(NoHe){ CioHs(COO)(O)} (H;0)] e :
Decomposition ~ 32.7214  3.23377 X10 2 003633
Dehydration 489052  9.97768X10° 0.1 0.02387
[CA(NoHa}{ C1oHg(COO)(O)} (H0)4] Y '
Decomposition 17.4716 3.37916 X 10 3 0.04479
Dehydration 80.2489  58413X 107 01 0.03858
Zn(NzH4){ C1oHe(COO0)(0)} (H,0
[2n(NzH){ C1oHs(COO)(O)} (H0)e] Decomposition ~ 11.1275  6.8738X 10° 3 0.04729
2+
CONCLUSION B o H,0 Ci ]

New anionic complexes of 2 -hydroxy -1-
naphthoic acid with transition metalsand NH_* as
cation with the general formula,(N,H,),[M
{(CH,(CO0)(O)},(H,0),] whereM =Ni, Co, Cd
Zn,MnandCuand neutral hydrazine complexeswith
the formula [(N,H,)M{C H,(COO0)(0O)}(H,0),]
where M(11) = Ni, Co, Cd and Zn have been pre-
pared. Electronic spectraand magnetic moment val-
uesindicatethat Ni, Co and Cu complexesmay be of
octahedral geometry with CN 6. Theinfrared spec-
trum impliestheir nature of coordination. However,
the exact structure of the complexes may be known

A ee
sent

(N2Hs),
H,O

Figure7a: Sructureof hydrazinium complexes

H,O Hz

) H,O O
'/O\+/ \*/

Oe /+ N—N’+\

Figure7b: Sructureof hydrazinecomplexes
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only from single XRD anaysis. The proposed struc-
tures of the complexesare asshown in Figure 7aand
Figure7b.

Thetherma behaviour of the complexesindicates
that they undergo oxidative degradationinthetempera-
ture 336 °C - 465 °C to form metal oxides. Because of
theevolution of various gasesduring decomposition N,
H, and CO,, the metal oxides are produced as fine
particlesprobably with nano s ze, 25-50 nm suggesting
thefact that these complexes may be used as precur-
sorsfor nanometd oxides.
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