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ABSTRACT

Zinc oxide (ZnO) and spinel-type ZnCo-mixed oxide (ZnCo,0,)
nanoparticleswere prepared by thermal decomposition of (NH,),[Zn(dipic),].
H,O and [Zn(H,0).Co(dipic),]. 2H,0 inorganic precursors, respectively.
Thermal gravimetric analysis (TGA) was applied to determine the thermal
behavior of the complexes. Characterization of products was carried out
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using X-ray diffraction (XRD), transmission electron microscopy (TEM),
scanning electron microscopy (SEM), and Fourier transforminfrared (FT-
IR). The crystallite size of prepared ZnCo,O, is smaller than those of the

samples prepared by conventional methods.
© 2014 Trade Sciencelnc. - INDIA

INTRODUCTION

Nanosized zinc oxide (ZnO) hasbeen extensively
studied owingto greet potential inapplicationssuchas
semiconductor chemical sensorg?, field effect transis-
tor (FET9)@ gassensors®, chemical absorbent!, elec-
trostatic dissipative coating®, catalystsfor liquid phase
hydrogenation!®, catal ystsfor photo-catal ytic degrada-
tion”l, and ultraviolet light emitting devicesi®.
Nanocrystallinezinc cobdtitesping (ZnCo,O,) hasaso
been applied as el ectrocatal yst for many anodic pro-
cessessuch asoxygen evol ution®, photocatal yst® and
semiconductor gas sensor™. Both zinc oxideand zinc
cobaltite have been employed in solar energy conver-
sion dueto their stability against photocorrosion and

similar photochemical propertiesasof titania*2.
Conventiond semiconducting oxideshavebeen pre-
pared by a variety of methods such as Czochralski
method™, solid state synthesis*4, sol geli*®, co-pre-
cipitation*®, combusition™”, hydrothermal®,
microemulsion™, solvothermd® and sonochemical .
Inthiswork, the Zinc oxide and spind-type ZnCo-
mixed oxide nanoparticleswere prepared viathermal
decomposition of (NH,),[Zn(dipic),]. H,O and
[Zn(H,0).Co(dipic),]. 2H,0O asnew inorganic precur-
sors. Thisprocedureisasuitablemethod for large-scde
production of oxidenanocrystas, becauseitisreaively
smple, low-cost, facileand reproducible process. Fur-
thermore, using of nove inorganic compound for pre-
paring nanomaterial s provides many advantagesasa
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preparativeroute since: control of process conditions,
nanocrystal size, particlecrystal structure, purity and
digtributionsizeé?.

EXPERIMENTAL

Materialsand general methods

All the chemica swere purchased from Merck and
used without further puritcation. For synthesis of Am-
monium 2, 6-pyridinedicarboxylate, 2, 6-
pyridinedicarboxylic acid (10000 mg, 60 mmol) and
ammonia (200 mL) werereacted at 70 °C. Infrared
spectrawererecorded asKBr discsusing JASCO FT-
IR spectrometer (4000-400 cm?). Thermal analysis
wasperformed onaNETZSCH TG modd of (F11ris)
thermal analyzer under air from 30to 600 °C at hesting
rate of 10°C/min. XRD patternswererecorded ona
(Rigaku) diffractometer (SIEMENS, D5000 (GER-
MANY) ) using Cu Ka (A = 1.5418 A) as incident
radiation. Size and morphol ogy of the nanoparticles
were eva uated by (Philips, EM-2085) Transmission
El ectron Microscopy under maximum accel eration volt-
ageof 100kV. The BET Surface areasand porevol-
umesweremeasured by using BEL SORB mini model
gpparatus. Scanning Electron microscopy (SEM) of the
nanoparticleswasstudied by using the (Philips, XL30)
with an accelerating voltage of 30kV.

Preparation of (NH,),[Zn(dipic),]. H,O

To an aqueous solution (600 mL) of ammonium 2,
6-pyridinedi carboxylate (5000 mg, 25 mmol) wasadded
asolutionof Zn(NQ,),.6H,0 (3700 mg, 12.5mmol) in
water (100 mL), and the mixture was stirred at room
temperaturefor 5 h. Findly, the solvent separated by
rotary evaporator and awhite solid obtained in ca. 65
%. And. Calcd.for C ,H,,N,0,Zn (449.7): C, 37.39;
H, 3.59; N, 12.46. Found: C, 37.28; H, 3.62; N, 12.42.

Preparation of ZnO nanoparticles

The(NH,),[Zn(dipic),]. H,O precursor was heated
t0 450, 550 and 650 °C in the electric furnace by rate
of heating 10° C/min and kept at those temperatures
for 4 hours.

Preparation of [Zn(H,0).Co(dipic),]. 2H,0
The precursor complex was synthesized by apre-
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cisevariation of thesynthesismethod of theliteraturd®
andthe detailed procedureisasfollowing: to an aque-
ous sol ution contai ning an equimolar mixture of two
metal nitrates[10 mL of Zn(NQ,),.6H,O (1 mmol) +
10mL of Co(NQ,),.6H,0 (1 mmoal)] of wasadded an
aqueous solution (20mL) of ammonium 2, 6-
Pyridinedicarboxylate (429 mg, 2 mmol) with continu-
ousdtirring at roomtemperature. Theresulting mixture
wasstirred for 3 h, filtered off and then left to evapo-
rateinabesker inar a ambient temperature. Air-stable,
water-soluble, Light-pink crystalswereformed within
1-3 days, then collected and dried in air to give the
compound in ca. 60% yield. Anal. Calc. for
C,H,,CoN,O,.Zn (580.6): C, 28.96; H, 3.47; N,
4.82. Found: C, 28.88; H, 3.42; N, 4.76%. UV—Vis
(H,0): no band of [Co(H,0) ]*.

Preparation of ZnCo,0O, spinel nanoparticles

The[Zn(H,0).Co(dipic),]. 2H,0 precursor was
heat-treated at 400**C instaticar intheeectric fur-
nacefor 2 h. The black powder, ZnCo,O, wasformed
and kept in desiccator.

RESULTSAND DISCUSSION

Characterization of (NH,),[Zn(dipic),]. H,O pre-
cursor and ZnO nanoparticles

TGA curve of the (NH,) [Zn(dipic),]. H,O pre-
cursor isshownin Figure 1. Thethermal treatment of
the precursor resulted in thefollowing three processes:
() Thefirst stagethat occursintemperature range 26—
139 °C corresponds to the loss of the crystal water
mol ecules and the complex loses 4% of itsweight. (ii)
The second stage, abrupt weight lossintheregion 139
—375°C, isdueto the decomposition of dipicligands
and ammonium and 41% of precursor remained inthis
stage. (iii) Thethird stagethat occursat 375500 °C
isrelated to decomposition of remainder composition
and causesto preparation of theZnO and at last 19.26%
of precursor remained when the heating continued to
600°C.

TheFT-IR spectraof precursor and productsare
showninFigure2. (NH,).[Zn(dipic),]. H,O complex
exhibitsstrong bandsintherange 34503325 cm™' due
to O-H vibrations which indicate the presence of
crystalization water moleculesinthecrystd latice. The
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Figurel: Thermogram of (NH,),[Zn(dipic),] precursor

absorption bandsat 1615 and 1382 cm*areassigned
totheasymmetric, v_(COO), and symmetric, v (COO),
stretching vibrations, respectively. Thefrequency dif-
ference between these bands, “v(COO) = 179 cm?,
suggests aunidentate coordination of the carboxylate
grouptotheZn(Il) ion?4, ZnO nanoparticleshavebands
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Figure2: FT-IR spectraof (NH,),[Zn(dipic),].H,O precursor
(a) and ZnO nanoparticlesprepared at 450 (b), 550 (c) and
650° C (d)
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in 480, 1629 and 3437 cm™. The weak band at
1628cm* is corresponding to the OH bending of wa
ter. The strong band at 480 cm* isascribed to Zn—O
stretching band.

Figure 3 shows the XRD patterns of the ZnO
nanopowders prepared viathermal decomposition of
(NH,),[Zn(dipic),]. H,O precursor at severa tempera-
turesfor 4 hours. Distinguished diffraction peaksat 20
valuesof 31.9, 34.5, 36.4, 47.6, 56.7, 62.9, 66.4, 68.0
and 69.2° correspond to the crystal planes of (100),
(002), (101), (102), (110), (103), (200), (112) and
(201), indicating thet the particleshave hexagond crysta
systemwithwurtzitestructureof ZnO. Theaveragesizes
of theZnO nanocrystalsat ca cination temperatures of
450, 550, and 650° C cal culated fromtheall diffraction
peaksusing Scherrer equation are about 27, 29 and 31
nm, respectively. The XRD patterns of the ZnO
nanoparticles prepared at different temperatures show
that the size of nanocrystalsgrowswithincreasingthe
temperaureof calcination.
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Figure3: XRD patternsof ZnO nanoparticlesprepared by
ther mal decomposition of precur sor at several temper atur es.

The TEM image of theZnO nanoparticles prepared
at 550 CisshowninFigure4A, fromwhichit canbe
seen that theZnO iscomposed of some agglomerated
particleswith an average size of about 3040 nm. The
TEM imageshowshemisphericad nanopartides. Thesize
of thenanoparticles obtained from the XRD diffraction
pattern isin close agreement with the TEM studies,
which show szesof 30-40 nm. Diffraction Pattern (DP)
imaging of the nanoparticles indicates that the
nanoparticleshave crysta structure and aren’t amor-
phous. Furthermore, diffraction pattern showsthat each
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Figure4: TEM imageof ZnO nanoparticlesprepared at 550
° C(A) and diffraction pattern of nanoparticles (B)

particleisaccumulation of severd singlecrystasby dif-
ferent direction and therma shock duringthe calcina-
tion causesto porosity in nanoparticles(Figure4 B).
Morphology of theZnO nanoparticles prepared at
550 °C has been examined by SEM image (Figure 5).
It can be seen that the products are tiny, aggregated
nanoparticleswith hemispherica shapes.

5, e :
Figure5: SEM imageof ZnO nanoparticesprepared at 550° C
Characterization of [Zn(H,0).Co(dipic),]. 2H,0
precursor and ZnCo,O, spinel nanoparticles

FT-IR of [Zn(H,0).Co(dipic),]. 2H,0 complex
(Figure 6) has characteristic absorption bands at 400-
4000 cm'. Thebroad band at 3500 cm™ is associated
to thev(OH) stretching vibrationsof coordinated wa-
ter. The sharp absorption bandsat 3200 and 1635 cm’™
areassigned tolatticewater molecules. Characteristic
bands at 1639 and 1579 cm™ are are attributed to
asymmetric stretching of dipicolinate carboxylate groups
and bands associated with v_ of the COO groups are
observed at 1383 and 1456 cm™.

Four weight | oss peaksin thetemperature range of
30-520 °C are observed in the thermogram of pre-
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Figure6: FT-IR spectrum of [Zn(H,0),Co(dipic),].2H,0
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cursor (Figure7). Thefirst weight losspeak isattrib-
uted to theremoval of the physically adsorbed and | at-
ticewater molecules. The subsequent weight loss pesk
isduetothelossof coordinated water molecules. Loss
inweight dueto dipic decomposition could giveriseto
the other two high temperature peaks. Thefinal de-
composition productswerethe zinc cobal titespineg and
zinc oxide, identified by IR spectroscopy.

InthelR spectrum of the product, absorption bands
at 637-454 cm! are assigned to Co-O and Zn”O vi-
brations, whichindicatethe presence of theZnCo,O,.

XRD pattern of sample heat-treated at 400 °C
(Figure 8) shows characteristic peaks at 20 = 31.3,
37,44.8,59.3 and 65.2°, where confirm existing the
spinel-typeZnCo,O, asthesinglephase. Average crys-
tallite size of ZnCo,O, nanoparticles calculated by
Scherrer equationisabout 10 nm.

TEM imageof theobtained product by thermad de-
composition of [Zn(H,0).Co(dipic),]. 2H,0 precur-
sor (Figure 9) shows quasi-spherical shapeand aver-
agecrysalitesizeof about 10-15 nmfor nanoparticles.
The size of the nanoparticles obtained from the XRD
diffraction patternisin closeagreement withthe TEM
studies, which show sizesof 10-15 nm.

Thecrystdlitesizeof prepared ZnCo,O, issmaller
than those of the samples prepared by co-precipita-
tion'®!, hydroxide decomposition', oxal ate decom-

TG /%

100 1
90
804
70 4
60 4
50 4
40 4

30 1

== Pyl Paper

i

Intensity (a.u.)

T % 1

20 30

1

40 60 70

50

2-Theta (degree)
Figure8: XRD pattern of ZnCo,O,spinel nanoparticles
prepared by thermolysisof [Zn(H,0).Co(dipic),].2H,O at
400°C
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Figure9: TEM imageof ZnCo,0O,nanoparticles
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Figure7: Thermogram of [Zn(H ,0).Co(dipic),].2H ,O complex
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position’, ureacombustion®, W/O microemul s on*!
methods. The smaller crystallite size of prepared
ZnCo,0O, can beattributed to the adopted preparation
method and preparation parameters.

CONCLUSIONS

The ZnO and spinel-type ZnCo,O, nanoparticles
weresynthesized by thermolysisof (NH,),[Zn(dipic),].
H,O and [Zn(H,0).Co(dipic),]. 2H,0 precursors, re-
gpectively. Thermal decompositionmethodisasuitable
inexpensiveway for thelarge-scale preparation of zinc
oxide and zinc cobaltite nanoparticles. Furthermore,
used inorganic complexes can beagpplied for synthesis
of many other metal oxide nanocrysta's, becausethey
arecheap, ar-stable, and available. Thecrystalitesize
of the prepared ZnCo,O, nanocrystalsis smaller in
compared to the samples prepared by conventional
methods.
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