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ABSTRACT

An oxidative thermal decomposition of zinc oxinate isinvestigated through
differential thermal analysis (DTA),Thermogravimetric (TG), Differential
thermogravimetry(DTG), Infra-Red, (IR) and powder X-ray diffraction (XRD)
techniques. Theidentification and the purity of zinc oxinateis carried out by
IR spectrum of the sample. The hydrated zinc oxinateis Zn(C,H,ON),2H.O.
The Differential thermal analysis pointed out that the sample is thermally
stable between 25°C and 125°C. At 145°C, it loses two molecules of water
yielding anhydrous Zn(C,;H,ON),. TG and DTG analysis showed that the
anhydrous sample of oxinateis stable between temperatures 145°C and 300°C
without weight loss. Further, the DTA, TG and DTG studiesindicated that
the oxidative thermal decomposition began above 300°C, initially slowly
with aloss of weight of the complex molecule; and the first phase is com-
plete at 425°C. The second exothermic peak isobserved inthe DTA curve at
560°C which could be attributed to the elimination of residual organic part of
the oxinate molecule with a considerable weight loss between 500°C and
625°C, as evident from TG curve of the sample. The final product of the
oxidative thermal decomposition is ZnO at 625°C and is stable, which is
identified and characterized by XRD studies.
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INTRODUCTION

In analytical chemistry, 8-hydroxy quinoling*3
(oxine) isused asoneof theversatilereagentsfor the
precipitation of number of cations asoxinates depend-
ing ontheconditionsof their synthesis. It isobserved
that oxinecomplexeswith number of cationsin neutrd,
ammoniacal or acetic acid-acetate buffered solutions
to produceinner metal oxinates (Quinolates) of com-
positionM(C,H,ON) .xH,O, whereM isthemeta ion

and ‘n” isthevaency of thecation..

Thereare severa reports* on theinvestigation
of the synthesisand characterization of metal oxinates
andtheir associated thermd stability at variousprepara-
tive procedures. Berg® synthesized Zinc oxinate of
composition, Zn(C,;H,ON),2H,O inacid medium and
isfound to be stable below 72°C. He further reports
that yet another phase of composition Zn(C,H ON),
1.5H,0 existed at 100°C, which gets dehydrated at
120-130°C. Fleck and ward® could synthesize zinc
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oxinate phase at pH between 4.6 and 13.0 and found
that thisis stable between 110 -160°C. Charles and
Langer™® haveinvestigated thermal stability and volatil-
ization of zinc oxinatein vacuum. Borrel and Parig™9
have prepared zinc oxinate by dissolving zinc sdt and
ammonium acetate buffer at pH 7.0 by addingrequisite
quantity of oxine, whichisdissolvedinaceticacid. Borrel
and Parishaveused conventional Chevanard thermo-
balance and have observed that the
Zn(C,H,ON),2H.O phase (Zn content: 16.66% per
molemoleculeof Zincoxinate) isstableupto 72°Cand
changes to anhydrous phase(Zn content: 18.43%),
Zn(C,H,ON),, at 170°C.They havereported that the
initiation of decomposition started at 305°C and gave
ZnO at 700°C asthefina product.

Recently, thestudy of solid oxinatecomplex of few
meta shavebeen investigated by C.A Ribeiro and oth-
ers. Inthe DTA curve ,they observed endothermic
peaksat 92, 132, 181°C; and asmall kink at 370°C. A
huge exothermic peak at 550-560°C. The TG curve of
thesamplein N, atimosphereindicated aweight lossat
141°C and also at 192°C dueto two step dehydration
process. Theoxidative decomposition took placeinthe
presenceof N, isbetween 320°C and 512°C with loss
of weight. Anintense peak at 370°Cisattributed to the
fusion and the second broad peak at 455°C , partia
volatilization of theanhydrous oxinatemolecule.

Itisclear from earlier reports+* that ambiguity
gl persstsintheinvestigation of zinc oxinate. Thishas
prompted to reinvestigate the zinc oxinateand subjected
toDTA,TGand DTG analysisin air to élicit out the
therma stability and oxidativedecompostion of sample.

EXPERIMENTAL

A puresampleof zinc oxinateisobta ned by adopt-
ing the procedureasgiven: 1:2 molar quantitiesof ana-
Iyticd gradeZinc st and 8-hydroxy quinolineareused
to precipitate zinc oxinate at pH 4.4. 25 ml of 0.1M
zinc salt(containing 0.163g of Zn) istakenwith 200ml
acetic- acetatebuffer solution(145ml of 1M aceticacid
+50ml of 1M NaOH in500ml of distilled water) mix-
ture, heated for to 7- 80°C for 2 -3 minutes.25ml of
0.2M oxinesolution(containing 0.7255 g of oxinedis-
solved in 2M acetic acid) isadded to the hot solution
with congtant agitation. ThepH of thesolutionismain-

tained at pH =4.4. The precipitateisallowed to settle,
filtered and washed severa timeswithwarm water to
removethe solubleimpurities. A pale green colored
precipitate of zinc oxinateisdried in hot air oven at
110°C and kept in adesi cator.

Thefollowing techniques have used to study the
thermal decomposition of solid complex, zinc oxinate,
usng DTA , TG and DTG(Mettler TA 4000). XRD pat-
tern and infra—Red spectroscopy were used for identi-
fication and the characteri zation of thecomplex and the
residueof thetherma decompostion. Theinvestigation
is carried out with following conditions (i) heating
rate,10°/minuteii) atmosphere, air iii) amount of zinc
oxinatetaken : 5.4720mg and temperaturerange: 25 -
800°C.

RESULTSAND DISCUSSION

Theabsenceof IR spectrum characteristic of oxine
mol ecul e in zinc oxinate aggregates showed that the
synthesized nickel oxinateispure. The DTA of zinc
oxinate (figure 1) isrecorded in an atmosphere of air
between 25-800°C. Thereisnofusion/ volatilization
peaks of oxinein DTA curve. Thefirst endothermic
peek at 145°Cinthe DTA curve (figurel) isobserved.
Itisevident that the chelate complex of zinc obtained
under the conditionsof preparationisquitestableupto
about 125°C. Two other exothermic peaks are also
noticed at 425°C and 560°C inthe DTA curve. These
peaks, especidly, theoneat 560°C ishuge oneindicat-
ing possibly the decomposition of the complex mol-
ecule, whichishighly exothermic Theinitid exothermic
peak begins at about 300°C and ends up at 425°C,
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Figurel: DTA of zinc oxinate taken between 25°C and
800°C in air
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Figure2: TG and DTG resultsof zinc oxinate between
25°C andf 800°C in air

which may bedueto thermd dimination of apart of the
complex molecule. A huge exothermic reaction due
oxidativetherma decomposition beginsat about 500°C
and iscomplete at 625°C with amaximum peak posi-
tioned at 560°C. At 625°C ,thefinal product obtained
isZnO. The XRD pattern characteristic of pureZnOis
obtained(ASTM CardfileNo 5-0664).

Theresultsof DTA issupported by results of both
Therrmogravimetric (TG) analysis and differentia
thermogravimetry (DTG) of zincoxinate(figure2). The
TG curveshowed thefirst weight lossisbetween 125°C
and 145°C (figure 2); and the second weight |oss be-
tween 300°C and 425°C; and finally, mgjor weight loss
is between 500°C and 560°C. Theweight lossin TG
curvebehavior withincrease of temperatureiscorrobo-
rated by theresults of DTG, which clearly indicated
corresponding peaks at 145°C , 425°C and 560°C
whichisdueto the elimination of water moleculesand
the complex processof oxidativethermal decomposi-
tion of zinc oxinate. A nearly flat region of the TG and
DTG curves(Figure 2) showed that the hydrated zinc
oxinate,Zn(C,H .ON),2H,0, isthermally stable be-
tween 25-125°C with Zn content at 16.77% per mole.
Theobserved weight lossat 145°Cis9.34% whichis
supported by DTG peak at 145°C, isattributed to the
elimination of two water moleculesfrom the hydrated
sample[Zn(C,H,ON),2H,O]. DTA result confirmsthe
result indicating that the elimination of water isan en-
dothermic process at 145°C. Thisweight lossin the
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TG curveamountsto aloss of exactly 36.00g/mole As
aresult of removal of water hydration, the Zn content
per mole of oxinate raises to 18.48. The anhydrous

Zn(C,H,ON), is stable between temperature 145°C-

300°C. Boththe TG and DTG curves(figure 2) indi-

catethat initiation reaction of thermal oxidativedegra
dation process of oxinate setsin above 300°C, which
isfurther supported by the exothermic DTA curve be-
tween 300 and 425°C (figure 1). A part of thecomplex
moleculeiseliminated (79.0g per mole) betweenthese
temperaturesincreasing the percentage of zinc per mole
t021.05% and henceit not duefusion process. A rapid
oxidativethermal degradation processof Zinc oxinate
with an exothermic reaction begins at 500°C and com-
pleted at 625°C(DTA pesk at 560°C), which accounts
for the entire decomposition of the chelated oxinate
moleculeyieldingthefina residue, ZnO. The TG and

DTG resultsa so confirmsthis processof decomposi-

tion of oxinate molecule commenced at 500°C and

ended at about 625°C withamaximum weight 10ss52%
per moleof oxinate(i.e., 202.6 g/mol e between 425°C

and 560°C) and the Zn content hasrai sed to 34.94%.

Pdannaand othershavenoticed intheir earlier studies

that there is no abrupt breaking of bond or fusion or

volatilization of complex moleculeof any metd oxinate
complex on heating up to about 300°C; but it isfound,
ultimately, the complex molecule decomposes, asis
evident from TG and DTG curve (figure 2) ; and the
weight loss observed between 145 and 625°C is
272.38g/maleli.e., (C;H,ON), part of oxinate=288.32

- 0=288.32-16.0 = 272.329.].

Thefinal product obtained above 625°CisZn0O,
whichisindentified and characterized by powder XRD
technique. Thepercentagezincinthefind product ,ZnO,
1580.40. Thedataof TG and DTG resultsof thether-
mal degradation of Zn(C,H,ON),2H.O aregivenin
TABLES1and 2.

Concludingit can beremarked that
1. Purezincoxinae, Zn(C,H,ON),2H,0, canbesyn-

thesized at pH = 4.4.

2. Hydrated zinc oxinate phaseis stable between 25 -
125°C, whiletheanhydrous phaseisstabl e between
145°C and 300°C.

3. A quantitativeestimation of ZnasZnOispossible
above 625°C using oxineas precursor for the pre-
Cipitation aszinc oxinate.
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TABLE 1: Thermogravimetric(TG) dataof Zn(C,H,ON),2H,O (Weight of Zn(C,H ON),2H O taken : 54720 mg, M ol.weight

of Zn(C,H,ON),2H,0 = 389.68)

Temperature

Total weight loss

Per centage weight Per centage of total

. DTG peak . Weight loss per .
Rangein DTG 0 corresponding to : loss between the  weight loss per
curve°C temperature°C DTG peak mole of oxinate (g) DTG peaks mole oxinate
25-145 145 0.5055 36 9.24 -
300 - 425 425 1.1240 80.0 10.86 20.52
425-560 560 2.8450 202.60 32.00 52.00
560 - 625 625 4.3304 308.38 27.14 79.14
Total weight loss of sample at 625°C 4.3304 308.38 - 79.14
Weight of the residue,ZnO 1.1416 81.30 20.86
Total 5.4720 389.68 - 100
TABLE2: TGanalyssdataof Zn(C,H ON),2H.,0 REFERENCES
Weight  Weight Percentageof Znir
DTG peak lossper calculated  thethermal [1] R.GW.Hollingshead; Oxine and Derivatives.,
temperature moleof fromTG product Butterworth, London, (1956)
0, . . y y .
C °X'($‘te e e)t(g‘;‘r’irrﬁ'eﬁal [2] I.M.Kolthaff, E.B.Sandell; Text Book of Quantita-
o5 105 . 389 68 16.77 16.77 tive Analysis, 3rd Ed, Mcmillan, London, 86-96
145 36 35368 1848 1848 (1952).
425 80.00 309.68 - 21.00 [3] A.FWalton; Principles and Methods of Chemical
560 202.60 187.08 - 34.94 Analysis, Printice-Hall IndiaLtd., 88 (1922).
625 308.38 81.30 80.00 80.0 [4] H.R.Fleck, A.M.Ward; Analyst, 58, 388 (1933).
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