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ABSTRACT

Zinc oxide (ZnO) thin films of different thickness have been deposited onto glass/FT O substrates by spray pyroly-
sismethod. The filmswere characterized by XRD, optical transmittance, Reflectance and SEM techniques. All the
films are polycrystalline with hexagonal wurtzite structure, with c- axis growth (002) perpendicular to substrate
surface. Starch was hydrolyzed by novel Photoelectrocatalytic process. Hydrolyzed starch was found to contain

60pg mlt of glucose and 100ug ml? of maltose.

INTRODUCTION

Heterogeneous photocatal ysis on semiconductor
surfaceshasattracted alot of attention duetoimportant
applicationslikewater disinfection, degradation and
compl ete mineralization of organic contaminantsin
wastewater, air purification and water splitting for hy-
drogen production. Zinc oxide (ZnO) isatransparent
direct wide band-gap semiconductor (Eg=3.€eV) with
alargeexciton binding energy, which hasbeen compre-
hensively studied dueto its outstanding propertiesin-
cluding piezod ectricity, n-type conductivity and room
temperature (RT) ferromagnetism upon appropriate
doping, great chemical sensing effectsand remarkable
photocata ytic activity!?. Besides, it hasbeen reported
that ZnO shows better activity than TiO2 in the
photodegradation of some dyesin agqueous solutions
sinceit can absorb morelight quantd®. Recent studies
have focused on the deposition of photoactive TiO2
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thinfilmson glasssubstrates*®. However, only few re-
portsonthe photocata ytic properties of nanostructured
ZnOthinfilmg®7. Moreover, to our knowledge, there
has been no systemati ¢ study investigating the depen-
dence of the photocatal ytic activity of ZnO thinfilms
and nanostructures synthesized by chemica methodson
film crystalinity, morphology and thickness.
Starchiswiddy used in variousbranchesof indus-
try not only for preparing gel-like accessory (thicken-
ing, gluing, binding, finishing, etc.) materids, but soas
environmentally safe precursor of new preparations.
When gd-likematerid sare prepared from starch prod-
ucts, itisnecessary to break downitsprimary structure
formed by swollen starch granules, and when starchis
used asaprecursor for organic and enzymeatic synthe-
gis, itspreliminary depolymerization (liquation) isre-
quired. Mechanical degradation of gelatinized starch
upon hydroacoustic treatment inarotary pulseinstala-
tion was studied by spectrophotometry of theiodine-


mailto:bhosale_ch@yahoo.com

MSAIJ, 7(4) 2011

C.H.Bhosale et al.

251

starch complexesand anadysis of the concentrations of
thetermina reducing groups. Theenergy efficiency of
hydroacoustic and ultrasonic mechanical degradation
was estimated®. The effect of starch concentration,
temperature, timeand enzyme concentration were stud-
ied and optimized for hydrolysisof corn flour starch
powder (of mesh size 80/120) into glucose syrup by
immobilized (using sodium aginate) a-amylaseusing
central compositedesign.’®

Theaction of hydrogen peroxideand ferroussulfate
upon starchisahydrolysis, producing in the course of
thereaction dextrins, sugarsof high molecular weight,
and smplesugarg’®. Many researcheshave paid atten-
tion on hydrolysisby different methods**3. Most in-
dustrial processesuse enzymesto hydrolysisstarchto
high DE glucose syrups, usualy in atwo-step process.
liquefaction and saccharifi cation, which lengthy and costly
compared to photoe ectrocatd ytic hydrolysisof starch.

Inthepresent investigation, ZnO filmsof different
thicknesswere deposited at substrate temperature 400
°C by spray pyrolysis, using an aqueousmixture. The
effect of filmthicknessonthefilm properties, likecrys-
tal structure, surfacemorphology, resstivity and optica
propertieswere studied. The optimized ZnO el ectrode
used for photoel ectrocata ytic hydrolysisof starch.

EXPERIMENTAL

ZnO thinfilmswere deposited by aloca ly made
spray pyrolysis deposition chamber on to glass sub-
strate (75 X 25 X 2 mm3) using zinc acetate
(Zn(CH,CO0),:2H.0) as precursor. The sol ution of
zinc acetatewasprepared in water + methanol + acetic
acid (25 + 65 + 10)*4, The films were prepared by
varying the quantity of sprayed solution at optimized
deposition temperature 400°C and 0.2M concentra-
tion of zinc acetate in order to optimize quantity of
sprayed solution. Other parameters such asspray rate
(5cc minY, nozzleto substrate distance (33 cm) and
carier ar pressure (2 am) werekept at their fixed value
throughout deposition process. Glass substrateswere
ultrasonically cleaned by deionized water, acetoneand
methanol beforethe experiment. The structural prop-
ertieswerestudied by Philips X - ray diffractometer PW
- 1710 (=1.5405A° using Cu - K* radiation in the
gpan of 20 to 80°. Surface morphology of thethinfilm
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was studied with JEOL JSM - 6360 Scanning Electron
Microscope (SEM). Optica absorption study was car-
ried out inthewave ength range 300 - 1000 nmusing
spectrometer Systronic model -119. Resistivity was
measured with two probe setup. Then ZnO thin film
was deposited on glass/ FTO substrate (100 X 100 X
2mm?d) at optimized parameters.

For photoel ectrocatal ytic hydrolysisof starch, 1%
starch solution was prepared by dissolving 1 gm of
starch powder into 100 cc digtilled water. The prepared
starch solution wasrecircul ated through specially de-
signed photoel ectrocatal ytic reactor at constant flow
rate12.2lit/h. After suitableintervd of time, 10ml starch
was taken out to study photocatal ytic hydrolysisre-
sponse of ZnO thin film. Optical absorption study of
iodine -starch complex was carried out inthewave-
length range 300 - 1000 nm using spectrometer
Systronicmodel -119. Collected residue was examine
by Raman spectroscopy and compared to untreated
starch. To determinethe hydrolysisof starch, collected
solution was checked for the presence of maltoseand
olucose by DNSA method.

RESULTSAND DISCUSSION

Characterization of ZnO thin film

Theas-grown filmswere characterized by XRD
using Cu-K* radiation. The XRD patterns obtained for
thefilmsgrown on glasssubstrateswerestudiedinthe
260 range of 20-100°. XRD pattern showninFigure 1
showsthat the material deposited ispolycrystalineir-
respectiveto the quantity of spraying solution. Theob-
served d-va uesare matching to the standard d-val ues,
which confirmsthat thefilmsexhibit hexagond (Wurtzite)
crysta structurewith preferentid growth dongthe (002)
plane. Thelattice parameter valuesarein good agree-
ment with the standard datd®®. The XRD pattern of
thefilmsshowsthat thepreferred orientation of thefilms
depend onitsthickness. For example, thefilmshaving
athicknessof theorder 790 nm for 100 cc of spraying
solution aremoreoriented than others. Thevariation of
preferred orientation with respect to quantity of spray-
ing solution may aso beattributed tothevariationinthe
film thickness. Thefilm thickness effect on the peak
intensity in the XRD pattern has been reported*®,
Above 200 cc, milky and powdery filmswereresulted.
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Figurel: XRD patternsof ZnO thin filmsdeposited using
0.2M concentration at different temperatures

All thepesksinthediffraction pattern wereindexed
on the basis of a JCPDS data card 05 - 6044. The
cryddliteszeof theZnOthinfilmswasevaduated from
thefull width at half maxima(FWHM) of (002) peak
using Scherrer’s formula,

0.94A

- Bcos6 @
Where ), 6 and 3 are X-ray wavelength, Bragg dif-
fraction angleand FWHM respectively.

Thecryddliteszelieswithin 38-52nmrange. The
dight decreasesin crystallite size after 400°C might be
duetoincreasesinfilmthickness. Quantitativeinforma-
tion concerningthepreferentid crystd orientation can be
obtained fromthetexture coefficient, TC defined as,

I (hkI)
TC(hkl) = e '0(:‘(‘;'?(')
HZ I ,(hkl)

Where TC (hkl) isthetexture coefficient, | (hkl) isthe
XRD intensity and nisnumber of diffraction peskscon-
sdered, |, (hkl) istheintensity of the XRD referenceof
randomly oriented grains.

If TC (002) ~1for al hkl planesconsidered, then
thefilmsarewithrandomly oriented crystallite, while
values higher than 1 indicate the abundance of grainsin
agiven (hkl) direction. ThevaluesO<TC (hkl) < 1
indicatesthelack of grainsoriented inthat direction. As
TC (hkl) increase, thepreferentia growth of thecrys-
talitesin thedirection perpendicular to thehkl planeis
thehigher. TC (002) isrelatively higher at100 ml.

Thesurfacetopology of the synthesized ZnO rods
examined by the SEM isshowninfigure2. These SEM
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imagesshow that, rodsbecomesregular and dmost per-
pendicular tothesubstrate, indicating that ZnO rodspref-
erentialy grow dong the (002) direction. Optical trans-
mission and reflection spectraof ZnOrodsareshownin
figure3andfigure4 respectively. Thefilmsareuniform
and trangparent. Thisisa so confirmed by thetransmit-
tance and refl ectance spectraof thefilms. Thedevel-
opedinterference patternin thetransmittance showsthat
thefilmsarespecular to agreat extent and high tranamit-
tancefor thefilm deposited at 100 ml, as sol ution quan-
tity increasestransmittance goes on decreasing, which
confirmstheincreaseinthickness(TABLE 1). Theaver-
agetranamittanceof thefilmsinthevisbleregionisabout
95 %, whichishigher than perviousworksreported over
90%!*". Thicknessof filmswasmeasureusing reflec-
tancespectrashowninfigure4. Theplot of (ahv)? against
hv areshowninfigure5. By extrapolaingthelinear part
of theplot to a.=0, optical band ggpwasestimated and
itis3.22eV for thefilm depositedat 100 ml.

Figure?2: Scanning electron micrograph of ZnO thin film
at 0.2M, 400°C.

015

——50cc
—— 100 cc e
—— 150 cc /

0.10 4 — 200 cc /

Reflectance

0.054

0.00

T T T T T
300 400 500 600 700 800

wavelength (nm)
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Figure4: Transmittance spectraof ZnO thin filmdiposited
at temper atur e of 400°C
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Figure5: Plot of (ahv)?vshv of typical ZnO thin film depos-
ited at temper atur e of 400°C

TABLE 1: Quantity dependent par ametersof ZnO thin films.

Quantity of sprayed Thickness Crystallite Reflectance Transmittance Direct Resistivity
Solution (cc) (nm) size(nm) Coeff.at 555 nm  Coeff.at 555 nm BandGap (eV) (Q/cm)
50 57 52.86 0.045 0.916 3.23 1.589
100 790 46.98 0.068 0.882 3.22 1.279

150 835 38.43 0.088 0.760 3.22 6.15X 10™

200 1208 38.43 0.033 0.720 321 5.85X 10"

Photoelectrohydrolysisof starch

Figure 6 showsthetypica visiblespectraasfunc-
tion of time of starch iodine complex. A decreasein
absorption at round 583 nm peaksisobserved astime
increases. Also absorption peak is shifted towards
higher wavel ength, whichindicates presence of mal-
tose and glucose. A plot of the maximum absorbance
versestimerepresentsevol ution of the process(Starch
+Photoel ectrocatal ytic process— Modified starch +
maltose + glucose+ CO,T). Figure 7 showsthat blue
colour of starch - iodine complex decreasesasfunction
of time indicates degradation of starch during
photoel ectrocataysis. Percentage of degradation rep-
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Figure6:Visblespectra of starch-iodinecomplex

Figure7: Colour of star ch-iodine complex samples
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resented by figure 8 and it showsthat 72.7 % of origi-
nal starch degraded within 210 min. In order to quan-
tify the hydrolysisof starch the absorption at 583 nm
wasplotted asfunction of time(figure8). Thereaction
kineticsisrepresented by thefollowing equation
Y =Y, +A exp (-x/t) 3
Figure9 showstypicd Raman spectrafor thestarch
sampl es of unhydrolyzed and hydrolyzed starch; the
mainvibrationd bandsarelisedin TABLE 2, together
with their respective tentative assignments, based on
comparisonwithliteraturedata™®. Theregion at 2,907
cm-1isrelated to the symmetrica and anti symmetrical
CH stretching. The intensity changesin 3,135 and
3,235cm-1rangecan bemainly attributed tothevaria-
tionsintheamount of amyloseand amylopectin present
in starches. On the other hand, the region between
1,461 and 1,050 cm-1isrichinstructurd information;
the Raman spectraof carbohydrates present severa
vibrationa featuresin thisregion. Most of the bands
aredueto coupled vibrationsinvolving hydrogen at-
oms, for instance, one can seeafeatureat 1,461 cm-
1, which correspondsto CH, CH2, and COH defor-
mations. In theregion between 1,380 and 1,400 cm-
1 one can observethe coupling of the CCH and COH
deformation modes, whereasin the region between
1,340 and 1,200 cm- 1 bands contai ning the contribu-
tionsof severa vibrational modesare observed, such
as CO and CC stretching and CCH, COH, and CCH
deformations.[*¥, a-1,4 glycosidic linkages can be
observed as strong Raman bandsin the 920-960-cm-
1 region, and thus the band observed at 940 cm-1
was assigned to theamylosea-1,4 glycosidic linkage.
Thevery intense Raman band at 478-479 cm-1 has
been used asamarker to identify the presence of amy-
lase and amylopectin in starch. Theraman spectraof
both starch exhibited some(479cm™,1265 cmrt, 1341
cm?,1461 cm?, and 2911 cm?) identical bands, be-
causethosebandsoriginated mainly vibrationa modes
of amylase and amylopectine. However, some peaks
(941 cm™*to 936 cm?, 1053 cmt to 1050 cm?, 1126
cm?to 1125 cm?, 1380 cmrt to 1382 cmr?) shifts oc-
cur relativeto pure starch Themost significant differ-
ence in raman spectra (figure 9) observed in there-
gion 1770 cmto 2267 cm™ and 3135 cm* to 3235
cnrmight dueto 8(O-H) bend.
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Figure9: Absor ption at 583 nm with respect totime

TABLE 2: Raman wavenumber sand their respectivetenta-
tiveassignmentsbased on literatur e datal*”

Unhydrolised Hydrolysed

Starch Starch Assignment

258 -

304
357
412 3(C-C-0)+5(C-C-C)

441 - 3(C-C-0)+5(C-C-C)

478 479 3(C-C-C)+1(C-0)

522 3(C-C-C)+1(C-0)

578 3(C-C-C)+1(C-0)

615 3(C-C-0)

867 - 3(C-C-H)+58(C-0-C)

941 936 3(C-0O-C)+5(C-0O-H)+v(C-0)
1053 1050 v(C-0)+v(C-C)+3(C-O-H)
1082 - v(C-0O)+v(C-C)+3(C-O-H)
1126 1125 v(C-0)+v(C-C)+5(C-0O-H)
1265 1264 v(C-0)+v(C-C)+5(C-0O-H)
1341 1339 v(C-0); 8(C-O-H)

1380 1382 3(C-0O-H)

1401 - 3(C-C-H)

1461 1461 3(CH)+8(CH2)+8(C-0O-H)

1770 3(0-H) bend
1873 3(0-H) bend
1941 8(0-H) bend
2129 8(0-H) bend
2179 3(0-H) bend
2203 8(0-H) bend
2244 8(0-H) bend
- 2267 8(0-H) bend

2907 2911 v(C-H)

3135 8(0-H) stretch
3206 3(0-H) stretch
3235 3(0-H) stretch
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Figure 10 : Raman spectrafor unhydrolyzed and hydro-
lyzed starch

Todeterminethehydrolysisof starch, collected so-
lution was checked for the presence of starch mono-
mersby DNSA method . Solutionwasfoundto con-
tain 60ug ml? of glucose and 100ug ml* of maltose.
From thiswe can concludethat starch was hydrolyzed.
However theexact mechanism of photoel ectrocataytic
hydrolys sisunknown and needsfurther investigation.

CONCLUSION

All thefilmsare polycrystalline with hexagonal
wurtzite structure, with c- axis growth (002) perpen-
dicular to substrate surface. The film deposited at
sprayed quantity 100 cc is suitable for
photoel ectrocatal ytic hydrolysis of starch. Modified
starch may be used for industrial use. For controlled
hydrolysisof starch morefurther investigationisrequired.
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