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ABSTRACT

We report on a nano coordination polymer of Zn(l1) derived from 5-(3-
pyridyl)-1,3,4-oxadiazole-2-thiol (POZT) and benzimidazole (BIMZ). It was
prepared, characterized and used asaprecursor for zinc oxide nanoparticles
(ZnO NPs) by calcination. The coordination polymer was characterized by
elemental analysis, IR an UV-visible spectrafluorescence technique, X-ray
powder diffraction analysis (XRD), scanning €lectron microscopy (SEM)
and transmission electron microscopy (TEM). Thermogravimetry (TG),
derivativethermogravimetry (DTG) and differential thermal analysis(DTA)
have been used to study the thermal decomposition steps and to calculate
thethermodynamic parameters of the nano-sized metal coordination polymer.
The kinetic parameters have been calculated making use of the Coats-
Redfern and Horowitz-Metzger equations. The polymer and zinc oxide
possess a hanoparticle size of 20 and 34 nm, respectively. The biological
activity of the coordination polymer was tested against five bacterial and
six fungal strains. © 2014 Trade Sciencelnc. - INDIA
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INTRODUCTION

Thecoordination polymersspan scientificfiddssuch
asorganic andinorganic chemistry, biology, materials
science, € ectrochemistry, and pharmacol ogy, having
many potential applicationsdy. Recently, avariety of
pyridyl connectorshave been extensively gppliedinthis
facet?. It should be noted that organosul fur compounds,
which play animportant rolein chemica or biological
processes are well documented®. The pyridyl
oxadiazolesaresuitablebridging ligandsfor thesynthe-
sisof coordination polymersand several paperswere

published onusing cyclized pyridyl 1,3,4-oxadiazoles
for the preparation of metal complexes*9. Inlast de-
cades, heterocyclic benzimidazoles, their derivativesand
trangition metal complexeshavereceved consderable
attentionin coordination chemisiry, becauseof their well-
documented biologica activities. It wasfoundthat such
complexes showed larger antimicrobia activitiesthan
thefreeligandd™®. ZnO nanoparticlesisanontoxicin-
organic semiconductor which could provide such po-
tentidly ussful festuresashigh mohility, excdlent chemica
and thermal stability, high transparency and
biocompatibility!¥. ZnOisanimportant € ectronic and
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photonic material because of itswidedirect band gas
of 3.37 eV and ZnO nanoparticles, with different mor-
phologies, have potential wide applicationsin varis-
torg %1, In addition, ZnO hasmuch simpler crystal-
growth technol ogy, resulting in apotentialy low cost
for ZnO based devices. It showed wideapplicationin
dye-sensitized solar cell§'2%, anti-ultraviol et-radiation
cosmetics, light-emitting device, aswell ascancer de-
tecting biosensors, antimicrobial, gassensorsand deg-
radation of organic toxing*>7, Because of the quan-
tum confinement effects, ZnO nanoparticleshavesome
unique optical properties®d. In this paper, we synthe-
sized and characterized anew coordination polymer
derived from thebridging ligand 5-(3-pyridyl)-1,3,4-
oxadiazole-2-thiol, benzimidazoleand Zn(ll). There-
sulting coordination polymer was used asaprecursor
for synthesisof nanoparticlesof ZnO.

EXPERIMENTAL

Materialsand physical measur ements

The reagents and sol vents empl oyed were com-
mercidly availableand used asreceived without further
purification. Figure 1 showsthe structureof theligands.

N—

5(3-pyridyl)-1,3 4- oxadlazole -2-thiol  Benzimidazole

POZT BIMZ
Figurel: Chemical structureof POZT and BIMZ

The C.H.N.S(carbon, hydrogen, nitrogen and sul-
phur) were performed using Analyi scher Funktionstest
Vario El Fab-Nr.11982027 el emental analyzer. Infra-
red spectrum was recorded as KBr disks (400-4000
cn?) with aFT-IR spectrophotometer model Thermo-
Nicolet-6700 FTIR and the el ectroni ¢ spectrum was
obtai ned using a Shimadzu UV-2101 PC spectropho-
tometer. The conductance was measured using acon-
ductivity Meter model 4310 JENWAY. Thermal stud-
ieswerecarried outindynamicar onaShimadzuDTG
60-H thermal analyzer at aheating rate 10 °C min™.
XRD patternswere obtained an model PW 1710 con-
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trol unit Philips, anode material Cu40K.V 30 M.A
optics: automatic divergencedit. Scanning € ectron mi-
croscope was of the type JEOL JFC-1100 E ION
SPUTTERING DEVICE, JEOL JSM-5400 LV SEM.
SEM specimen was coated with gold to increasethe
conductivity. Transmission el ectron microscope of the
type JEOL JEM-100 CX || ELECTRON MICRO-
SCOPE was used. For the biological activity, all mi-
crobid strainswerekindly provided by theAssiut Uni-
versity Mycologica Centre (AUMC), Egypt. These
strainsarecommon contaminantsof theenvironmentin
Egypt and some of which areinvolvedin human and
animal diseases (Candida albicans, Geotrichum
candidum, Scopulariopgshrevicaulis, Aspergillusflavus,
Staphylococcus aureus), plant diseases (Fusarium
oxysporum) or frequently reported from contaminated
soil, water and food substances (Escherichiacoli, Ba
cillus cereus, Pseudomonas aeruginosaand Serratia
marcescens). To prepareinoculafor bioassay, bacte-
rid strainswereindividualy cultured for 48 hin 100 ml
conical flaskscontaining 30 ml nutrient broth medium.
Fungi weregrown for 7 daysin 100 ml conicals con-
taining 30 ml Sabouraud’s dextrose broth. Bioassay was
donein 10 cm sterile plastic Petri platesin which mi-
crobial suspension (1 ml/plate) and 15 ml appropriate
agar medium (15 ml/plate) were poured. Nutrient agar
and Sabouraud’s dextrose agar were respectively used
for bacteriaand fungi. After solidification of themedia,
5 mmdiameter cavitieswerecut inthe solidified agar
(4 cavitied/plate) usng serilecork borer. Thechemica
compoundsdissolved in dimethyl sulfuxide (DM SO)
at 2%wi/v (=20 mg/ml) were pipetted in the cavities
(20 ul /cavity). Cultureswerethen incubated at 28°C
for 48 hin case of bacteriaand up to 7 daysin case of
fungi. Resultswereread as the diameter (in mm) of
inhibition zonearound cavitieg'?

Synthesis of {[Zn(POZT)(BIMZ)(ace)(H,0)].
HZO}n

POZT (0.1 g, 0.5 mmol) dissolved in 15 ml
methanolic solution was added to 15 ml of
Zn(CH,C00),.2H,0(0.12g, 0.5 mmol). The solu-
tion mixturewasthen stirred for about 10 minand an
methanolic solution of BIMZ (0.06g, 0.5 mmol) was
then added. The solution mixture was heated on awa-
ter bath for about 40 min whereupon awhite precipi-
tate was separated which wasfiltered off, washed with
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ethanol and dried over CaCl,. Anal. Calc. for
C,H,N.O.SZn: C,42.15;H, 3.54; N, 15.36; S, 7.03.
Found: C, 42.95; H, 4.40; N, 15.95; S, 6.17. IR data:
vOH 3498 (w), 3200 (m), vC=N 1610 (s), vC-N 1472
(s), 902 (M), vM-O 542 (m), vM-N 436 (m) cm™,
m.p. 260 °C.

Formation of ZnO nanoparticles

By calcining the prepared coordination polymer in
ar at 500 °C with a calcination time of 3 hours afforded
ZnO nanoparticles.

RESULTSAND DISCUSSION

Thereaction of zinc(I1) with 5-(3-pyridyl)-1,3,4-
oxadiazole-2-thiol and benzimidazol e proceedsreadily
according to equation to form the mixed ligand coordi-
nation polymer. Thiscompoundisstableinair andin-
solublein common organic solventsbut partialy soluble
inDMSO. The conductivity wasmeasuredin DM SO
using 10 M solutions of the complex. The conduc-
tance valueindicatesthe non-el ectrolyte nature of the
coordination polymer.

Ei0H
Zn{ace),2H,0 + POZT + BIMZ——>
NaCH

{[Zn{POZTXBIM ZXaceXH,0)] H,0},, +CH,C00H

Themain IR bandsof the prepared compound are
cited inthe experimental part. Theband observed at
1610 cm regionisassigned to thev(C=N) stretching
vibration of the POZT?, BIMZ exhibitstwo bandsat
902 and 1472 cnr* which can beattributed to v(C-N)
ring vibrationg?!. Furthermore, theband at 3498 cm'*
inthe spectrum of the complex can be correlated with
vOH of water of crystallization® whereasthe band at
3200 cm! is ascribed to the coordinated water mol-
ecule®!. The complex shows two bands due to
v (COQ) and v (COO) of theacetate moiety at 1562
and 1437 cm, respectively. Thisdefinesabidentate
chelating acetate group (v =v_- v =125 cmt)[2+2,
Meta-oxygen and metd-nitrogen bondingismanifested
by the appearance of two bands at 542 cm* and 436
cm'l, respectively!® (Figure 2).

Electronic spectra
Theel ectronic spectraof themixed ligand complex
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Figure2: FT-IR of Zn(11) coor dination polymers

and zinc oxide nanoparticle are recorded in
dimethyl sulphoxide (DM SO). Thespectrum of thecom-
plex displaystwo distinct bandsat 35,714 and 27,173
cm*whichareattributed ton’!7* and n’!z* transtions
withinthe POZT and BIMZ moieties, respectively?2,
Thestructure of the zinc coordination polymer can be
postul ated asfollows:
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Figure3: Sructureof {[Zn(POZT)(BIM Z)(ac;)(HZO)].HZO}n

Figure4. showsthe UV-visabsorption spectraof
ZnO nanoparticles. It isapparent that the spectraex-
hibit aband absorpition edge at 348 nm,

Figure5. Showsthe excitation and emission spec-
traof ZnO NPs. The spectrum obtained under 330 nm
excitation exhibitsan emission a ~ 455 nm.

Thermal analysis

In dynamic air thethermal decomposition of the
complex hasbeeninvestigated from ambient tempera-
tureto 750 °C. The thermogram of this compound
showsfive decomposition steps (Figures), namely at
30-86, 87-180, 181-266, 267-480 and 481-750 °C.
Thefirst and second stages correspond to the detach-
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Figure4: UV-visabsor ption gpectraof theZnO nanoparticles.
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Figure 5 : Fluorescence spectra of ZnO nanoparticles a)
excitation and b) emission at room temper ature (i, = 330).

ment of the coordinated and the crystallinewater mol-
ecules(calc. 7.90%, found 7.70 %). The DTG curve
displaysthisstep at two minimaat 54 and 105 °C and
two endothermic peaksat 56 and 107 °C in the DTA
trace. Thethird step representsamass|ossindicating
therel ease of an acetic acid molecule(calc. 12.95 %,
found 11.27 %) (DTG pesksat 238 °C) with a broad
exothermic peak inthe DTA traceat 239 °C. The forth
and fifth stages correspond decomposition of therest
of theorganicligands(calc. 65.22 %, found 64.24 %)
(DTG peaksat 298 and 533 °C) with two exothermic
peak in the DTA trace at 300 and 535 °C. The final
product wasidentified on the basis of mass|oss con-
sideration aszinc oxide (calc. 17.85 %, found 16.79
%) asillustrated in Scheme (1)
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Figure6: TG, DTG and DTA thermograms of the Zn(l1)
compound in dynamic air.

([Zn(POZT)(BIMZ)(ace)(LO) a0} 38-265 °C

1 & 2
[Zn(POZT)(BIMZ)(ace)], +2H,0
3rd| 266-479 °C
[Zn(POZT)BIMZ)], + CH:COOH
4th & 5th [480-750 °C

Decomposition product + ZnO

Scheme(1).
Kineticanalysis

Non-isothermal kinetic andysisof the coordination
polymer wascarried out applying two different proce-
dures: the Coats-Redfern?®l and the Horowitz-
Metzger® methods. Thekinetic and thermodynamic
parametersfor the zinc(I1) compound iscaculated for
the 5" step according to the above two methods and
arecitedinTABLE 2. Thisstep representsanon over-
lapping stepwith asharp DTG and DTA maxima.

TABLE 1 : Thermal decomposition data of the zinc(l1)
compound in dynamic air.

TGIDTG
e T Massl 0s3(%)
1% 30 54 86 3.58
2" 87 105 180 4.12
3 181 238 266 11.27
4 267 298 480 30.14
5ih 481 535 750 34.10

Ti=Initial temperature, Tm=M aximum temperature, Tf=Final
temperature.
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TABLE 2: Kinetic and ther modynamic parameter sfor the
ther mal decomposition of theZn(l1) compound.

Coats-Redfern equation

St AS*  AH* AG*
P r n E Z
th 6.44 x

5% 0.9999 2.00 322.3 10° 180.4 315.5 464.3

EinkJma?, “H*, “G* arein kJ maol* and “S* in kJ mol* K

Negative “S* value for the decomposition of the
Zn(11) compound suggest that the activated complexis
more ordered than thereactantsand that the reactions
aredower than normal®. Thepositivevaueof “G*
indi cate that the decomposition reaction isnot sponta-
Neous.

X-ray powder diffraction of the coor dination poly-
mer and zinc oxide nanoparticles

The X-ray powder diffraction patterns were re-
corded for the coordination polymer Zn(I1) and ZnO
nanoparticles. Thediffraction patternsindicatethat the
compoundsarecrystalline. Thecrysta lattice param-
eterswere computed with theaid of the computer pro-
gram TREOR. Thecrystal datafor Zn(I1) and mixed-
ligand compound belongtothecrystal systemtriclinic
whereastheZnO nanoparticleswas belong to the hex-
agona system. The significant broadening of thedif-
fraction patterns suggeststhat the particlesare of na-
nometer dimensions. XRD of compound ZnO
nanoparticlesisdepictedin Figure 7, Scherrer’s equa-
tionwasappliedto estimatethe particlesizeof thecom-
pounds.

D =K/ pcosd
whereK isthe shapefactor, A isthe X-ray wavelength

ZnO

Intensity
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Figure7: XRD ZnO nanoparticlesproduced by calcination
of {[Zn(POTZ)(BIM Z)(ace)(H,0)].H,0},

typically 1.54 A, B istheline broadening at half the
maximumintengity inradiansand 6 isBraggangle, D is
themean sizeof theordered (crystdline) domains, which
may be smaller or equal tothegrainsize. Thecrystal
data together with the particle size are recorded in
TABLES3.

TABLE 3 : X-ray diffraction crystal data of the Zn(lI)
compound and ZnO.

Parameters coﬁg)((l)lu)n d ZnO
Empirical formula C16H16ZNN5SO5 ZnO
Formulaweight 455.83 81.39
Crystal system triclinic hexagonal
a(Ad) 4.483 3.253
b (A) 9.590 3.253
c(A) 10.978 5.211
a(°) 73.959 90.00
B(°) 86.250 90.00
v(°) 104.182 120.00
?:/e(I)IIFAn;? of unit 435.34 47.74
Particle size(nm) 20 34

Electron microscopy (SEM and TEM)

Thescanning € ectronand transmission micrographs
of zinc oxide nanoparticlesaregivenin (Figures8-9).
In order to e ucidate the ZnO nanoparti cles morphol o-
gies, scanning electron microscopy (SEM) was per-
formed which demonstrates clearly the formation of
ZnO nanoparticles. It can be clearly seen that the
nanoparticleshaveaBacillary-likeor seriesshape. Fig-
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Figure8: SEM of ZnO nanoparticles.
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Figure9: TEM of ZnO nanoparticles.

ure 8. shows the transmission el ectron microscopy
(TEM) imageof ZnO nanoparticles. Thisimage shows
that thesize of ZnO NPsisvery consistent.

Antimicrobial activity

Theantimicrobia activity of theZn(ll) coordina
tion polymer wasinvestigated against fivebacterid and
six fungd strains. Intesting the antibacterial and anti-
fungd activity of thecompound we used morethan one
test organism to increase the chance of detecting the
antibiotic principlesin thetested materials. The data
showed that in some cases the coordination polymer
hasasimilar antimicrobial and antifungal activity than
the selected standards (chloramphenicol and
clotrimazole) (TABLE 4). Figures (10& 11) show the
antimicrobia effect for thecompound.
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Figure10: Microbiological screening of thezinc compound
against Pseudomonasaer uginosa (-ve).

Figure1l: Microbiological screening of thezinc compound
against Geotrichum candidum.

TABLE 4: Microbiological screening of theZn(l1) compound.

E

B. S S i P T A c F G s
Cereus aureus Marcescens G aeruginosa b ) fl ‘ albi : ' d'a brevicauli
GHve)  (G+ve) (Gve) E/ e)- (Gve) rubrum flavus icans oxysporm candidum brevicaulis

11 12 0 14 14 0 0 8 0 12 14

°C for 3 h. The crystal size is less than 100 nm. This
CONCLUSION results show that the particle size of the ZnO isabout

In conclusion, the spherical shaped aggregates of
Zn0O nanoparticles were synthesized by calcination
method. Results of x-ray pattern show that all peaks
can be well indexed to the phase of ZnO. SEM and
TEM micrographsshow thet therearemany micropores
among thenanocrysta sfor thesamplescal cined a 500

34 nm.
REFERENCES

[1] Fromm K.Coord; Chem.Rev., 252, 856 (2008).
[2] Z.H.Zhang, Y.L.Tian, Y.M.Guo; Inorg.Chim.Acta,
360, 2783 (2007).




198

Facile direct formation of ZnO nanoparticles from a Zn(l1) coordination

MSAIJ, 10(5) 2014

Pull Paper ==
[3]

[4]
[5]
[6]
[7]

SOage; Structure and Mechanism. CRC PressBoca

Raton FL, (1992).

Z.H.Zhang, C.PLi, GM.Tang, Y.L.Tian, Y.M.Guo;

Inorg.Chem.Com., 11, 326 (2008).

Y T Wang, GM.Tang; Inorg.Chem.Commun, 10, 53

(2007).

Y.T.Wang, GM.Tang, Z.W.Qiang; Polyhedron, 26,

4542 (2007).

F.Gumus, O.Algul,GEren, H.Eroglu, N.Diril, S.Gur,

A.Ozkul ; Eur.J.Med.Chem.,38, 473 (2003).

[8] D.Kumar Sau, R.J.Butcher, S.Chaudhuri, N.Saha;
Molec.Cell.Biochem., 253, 21 (2003).

[9] L.Schmidt-Mende, J.L.MacManus-Driscoll ;
Mater.Today, 10, 40 (2007).

[10] D.R.Clarke; Journal of the American Ceramic So-
ciety, 82, 485 (1999).

[11] N.T.Hung, N.D.Quang, S.Bernik; J. of Materials
Research, 16, 2817 (2001).

[12] K.Funabiki, N.Sugiyama, H.lida, J.-Ye Jin,
T.Yoshida, Y.Kato, H.Minoura, M.Matsui; J.Fluorine
Chem., 127, 257 (2006).

[13] M.Quintana, T.Edvinsson, A.Hagfeldt, GBoschl oo;
J.Phys.Chem., C111, 1035 (2007).

[14] X.Sheng, Y.Zhao, J.Zhai, L.Jiang, D.Zhu;
Appl.Phys., A87, 715 (2007).

[15] S.Krishnamaoorthy, A.lliadis, T.Bei, P.G.Chrousos;
Biosens.Bioelectron., 24, 313 (2008).

[16] A.Otsuka, K.Funbiki, N.Sugiyama, T.Yoshida,
H.Minoura, M.Matsui; Chem.Lett., 35, 666 (2006).

[17] Y.-L.Wang, H.S.Kim, D.P.Norton, S.J.Pearton,
F.Ren; Appl.Phys.Lett., 92, 112101 (2008).

[18] U.Koch, A.Fojtik, H.Weller, A.Henglein;

Chem.Phys.Lett., 122, 507 (1985).

[19] K.J.Kwon-Chung, J.E.Bennett; Medica mycology,
Lea & Febiger, Philadelphia, (1992).

[20] M.Singh, R.J.Butcher, N.K.Singh; Polyhedron, 27,
3151 (2008).

[21] K.S.Banu, S.Mondal, A.Guha, S.Das; Polyhedron,
30, 163 (2011).

[22] A.Bravo, J Anacona; Transition.Met.Chem., 26, 20
(2001).

[23] T.Rakha; Synth.React.Inorg.Met.- Org.Chem., 30,
205 (2000).

[24] K.Nakamoto; Infrared and Raman Spectra of In-
organic and Coordination Compounds, 4" Edition,
John Wiely and Sons, New York, (1986).

[25] G.B.Deacon, R.J.Phillips; Coord.Chem.Rev., 33,
227 (1980).

[26] M.C.Jain, R.K.Sharma, P.C.Jain; Gazz.Chim.Ital.,
109, 601 (1979).

[27] M.El-kemary, H.EI-Shamy, |.El-Mehasseb, J. of
Luminescence, 130, 2327 (2010).

[28] A.Coats; J.Redfern, Nature., 20, 68 (1964).

[29] H.Horowitz, G.Metzger; Anal.Chem., 35, 1464
(1963).

[30] J.Hill, R.J.Magee; Reviews Inorg.Chem., 3, 141
(1981).

Watariosy Stience  mm—.
A VMW



