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ABSTRACT

Polyaniline-Titanium nanowires (PANI/TiO, nanowires) composites were
prepared in presence of organic/inorganic acid medium. Firstly, TiO,
nanoparticals (P,,) were converted to TiO, nanowires through hydrother-
mal process using 10% NaOH, subsequently the aniline was polymerized
by the addition of ammonium persulfate in the presence of acetic acid and
sulfuric acid medium using 10 % TiO, nanowires to form PANI/TiO,
nanowires composites. The prepared composites have been characterized
by UV-Visibleand FT-IR. The UV-Visible spectraand composites exhibited
an additional band at around 445nm, which represents the formation of
polyaniline in the presence of TiO, nanowires. The FT-IR spectra of the
PANI/TiO, nanowires composites demonstrates the change of the inten-
sity of the bandsat 1595 and 1468 cm+-1 correspond to C = C of quinoid and
benzoid rings as compared to that of pure PANi, which reveals that the
PANI in the compositesisricher in quinoid units than the pure PANi. The
SEM and TEM distinguished that the morphology of the PANI/TiO,
nanowires composites varied from 1D nanofibers to 2D leaves and 3D
granules and rose-like micro/nanostructures depends on the reaction con-
ditions. Moreover, the electrical conductivity of the prepared composites
showed no significant decrease in conductivity compare with pure
polyaniline prepared in absence of TiO, nanowires this due to the network
structure of TiO, nanowires and to be in the order of 10> S/ cmin case of
using acetic acid and 10 S/cmin case of using sulfuric acid.
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Polyaniline (PANI) isoneof thebest promising ma-
terialsin conducting polymers, duetoits potentia ap-
plicationsin optical and microel ectronic devices, sen-
sorgt 2, catalysts, drug delivery, energy storage sys-
tems, el ectrodes® 4 environmental stability inacon-

ducting form, corrosion protection>®, rel easedevices”
8, and oxidation or protonati on adjustable e ectrooptical
properties® ™, A key property of aconductive poly-
mer isthe occurrence of conjugated doublebondsaong
the backbone of the polymer chains. In conjugation,
the bonds between the carbon atoms are alternately
singleand doubl e, the oxidation of aniline monomer in


mailto:amyoussef27@yahoo.com

NSNTAIJ, 6(1) 2012

Ahmed M.Youssef 33

theinorganic acid mediaby chemical polymerization
usingammonium peroxydisulfateas oxidant hasbecome
themost extensively used synthetic routeto conducting
PANi. Aswell as, the obtained PANI has somedisad-
vantages that PANI isinherently brittle and poor in
processability duetoitsinsolubility incommon organic
solvents to overcome these difficulties by using
functionalized protonic acids*3, and surfactants such
as SDBSand SDS*. Moreover, the problemsof low
stability and workability of pure PANi can beavoided
throughout the synthesis of composite materias cou-
pling the properties of PANI and the new composites
or smplemixing of thecomponentsinmeltsor in solu-
tion does not dways cause high dispersion of PANI as
aresult of incompleteor poor compatibility of thecom-
ponentg*. Inthiscaseitismoreefficient to carry out
polymerization of anilinein the dispersed matrix poly-
mer which alowstheformation of athinlayer of PANi
on the surface of particles. The preparation of PANi
countson thereaction conditions and several factors
should be substantial in the control of the properties
and morphology of PANI[*> 8 such as, the chemical
nature of the oxidants, the nature of the acid protonat-
ing theaniline monomer, reaction temperature, there-
action intermedi ates during the oxidation, the concen-
trations of the reactants (aniline/oxidant) and their mo-
lar proportions, sol vent using in the polymerization pro-
cess, theadditives(e.g. colloidal stabilizers, emulsifi-
ers, and metal oxide nanoparticals). Moreover, the
preparation of PANi/nanocomposites by conventional
blending, mixingin solution or melt form becomevery
difficult. A number of methods have been used to pre-
pare PANi/nanocomposites, thecommonly method used
to preparethe nanocompositesistheintercal ation of
aniline (aniline hydrochloride) intothegallery of clay
layersfollowed by in-situ polymerization™”19, Emul-
sonpolymerizationisasoused for preparation of PANi/
clay nanocomposites?*?, wheretheemulsifierinthe
emulsion system contributesto maximization of theaf-
finity between hydrophilic host (clay) and hydrophobic
guest (aniline), thiscomposites showing el ectrical con-
ductivity aswell asgood physical properties?®.
Synthesisof one- dimensiona nanostructures TiO,
possess various sizesand morphologiesin nanoscale
(e.g. nanorods, nanowires and nanotubes) anditisim-
portant for awiderange of fieldsand applicationg?2",
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Also, TiO, utilizesinawiderangeof significant techno-
logical gpplicationswhereamore detailed understand-
ing of the essential aspects of TiO, surfacesor inter-
faceswould potentially have apositiveimpact. Also,
TiO, nanoparticlshaverece ved greet attentionin pho-
tovoltaic cells, batteries, e ectrochemical sensing, op-
tics, photonic crystals, catalysisand photocatalysis?,
photovoltaicg? 1, UV blocking, smart coatings, and
functiond fillersintextiles, paints, paper, and cosmet-
icg®L 32 this because of their unique electrical, optic
properties, andit hasavery wideband gap. Whilemany
of thesegpplicationsrequirehigh surfaceand interfacia
areas, it isadvantageousto have TiO, in the form of
nanoparticlsor nanowires. While, TiO, can besynthe-
sized inanumber of nanostructuresand phases, includ-
ing nanoparticls®, polycrystalline nanowires®, and
nanotubes®3*. Many paperson PANi/ TiO, compos-
ites have been published®-#l, In previous work by
Zhang et d. they succeed tofabricatepolyanilinein pres-
enceof TiO, composite nanotubesand the PANI/ TiO,
composite microspheres*l. They found that the mor-
phology, Size, molecular structure, eectrica properties,
and wettabilitiesof thesemicro/ nanostructuresare af-
fected by the content of TiO, nanoparticlsinthe com-
posites.

Themost of polyaniline preparationsare carried
out indilute hydrochloric acid or they use aniline hy-
drochloride asamonomert®l, Other inorganic acid, eg
sulfuric acid“! hasinfrequently been usedinthe expec-
tation of enhanced conductivity of the PANi. More-
over, polyaniline prepared in the presence of weak or-
ganic acids, such as (Acetic acid) hasaconductivity of
theorder of 102to 10t Scm'?, theseva uesbeing com-
parablewiththosefor PANI prepared by the oxidation
of anilinein the absence of any acid and thisisasur-
prisingly goodleve of dectrica conduction. Inthecase
the polyaniline prepared embracing frequently of sul-
fate counter-ions, fashioned by the reduction of
peroxydisulfate. Thisfact should also betaken onyour
consderation inthecurrent study, inviewing theuse of
various acidseither weak organic acid (acetic acid) or
stronginorganicacid (sulfuricacid) which arelikely to
be the main counter-ionsin the prepared polyaniline
nanocomposites in existence of TiO, nanowires as
nanofillersand in the presence of thosetwo acidsin
addition to study the different morphology of the pre-
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pared polyaniline nanocompositesant itselectrica con-
ductivity.

MATERIALSAND METHOD

Materials

Titanium dioxide powder (P25, Degussa, ~25 nm
indiameter), was used asreceived. Anilinehydrochlo-
ride monomer (99% purity, Aldrich) wasdistilled under
reduced pressure and stored at |ow temperature prior
to use Ammonium persul phate (APS), Sodium hydrox-
ide (NaOH) and Sodium chloride (NaCl) were used
asreceived fromAlfaAesar and al other organic sol-
ventsused inthis study were of analytical grade and
used without further purification.

Prepar ation of the sodium titanate nanowires

In a classic nanosynthesis*’, 0.2 g of TiO,
nanoparticles (P25) in agueous solution of NaOH
(10M, 40ml) was placed into aTeflon-lined autoclave.
Themixturewasstirred to form amilky suspension,
then sealed and hydrothermally treated at 200-240°C
for ~3 days. Subsequently, theresultant white precipi-
tate (the sodium-titanate nanowires) was separated by
filtration, and washed with an aqueous sol ution of so-
dium chloride (1.0 M) so as to get the Na,Ti,O,
nanowires. The resultant powdery samplewas then
oven-dried at 80°C for 6 hr.

Preparation of polyanilineand polyaniline/ TiO,
nanowir escomposites

The preparation of pure polyanilinethrough the
oxidation polymerization by oxidizing aniline hydro-
chloride with ammonium persul phate in an agueous
medium without any extraacid at room temperature
asvery simple method and has been used asarefer-
ence*d, Using 0.2 mol/L of aniline hydrochloride
monomer was dissolvein 100 ml of 0.1 M HCI and
0.25 mol/L ammonium persul phate asinitiator was
added drop by drop for %2 h., then the polymerization
take place by adding theinitiator. Thereaction | eft
under stirring over night to completethe polymeriza-
tion process the prepared polyaniline was collected
on afilter, washed with threetimesby 0.1 M HCI,
and also with acetone. Polyaniline powder wasdried
inair and theninvacuum at 60°C. The preparation of
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polyaniling/TiO, nanowires compositesthrough the oxi-
dation polymerization, the desire amount of TiO,
nanowires based on the monomer concentration was
dispersed in an agueous sol ution containing sulfuric
acid (0.1 or 0.2 mol/L) in round flask using an
ultrasonicator for 30 min. Then 0.2 M of anilinemono-
mer was added to theround flask, stirringfor 10 min
afterward 0.25M of ammonium peroxydisulfate was
dissolved in water and added dropwiseto theacidic
agueous solutionfor %% h, briefly stirred at room tem-
perature, and left at rest to polymerizefor 24 h., sub-
sequently polyanilinewas collected on afilter, washed
with three 100-mL of portions of 0.1 M HCI, and
a sowith acetone. Polyaniline powder wasdried in air
and thenin vacuum at 60 °C. Otherwise acetic acid
was used as organic acid in different concentrations
to prepare polyanilinein presence of different con-
centration of TiO, nanowires (5 and 10%), the same
experiments wererepeated at 0 °C for the acetic acid
and sulfuricacid.

Characterization

The XRD wascarried out inaBruker D8 Advance
X-ray diffractometer with CuK-a radiation (A=
0.1542 nm, 40 kV, 30 mA). The lattice spacing was
ca culated viaBragg’s equation. PANi/TiO, nanowires
composites samples used for XRD were pasted to a
glassdideby separating the sampleshomogenoudy on
it. Thesampleswereplacedinavertica configuration
(transmission) for thecollection of XRD data. Themi-
crostructure of the sampleswas examined for very di-
|ute suspens onsof the corresponding nanocomposites
inwater using JEOL JEM -1230 transmission electron
microscope (TEM) with accel eration voltage of 80kV.
Themicroscopy probesof the nanocompositessamples
were prepared by adding a small drop of the water
dispersionsonto aL acey carbon film-coated copper
gridthendlowingthemtodryinair. Also, scanning eec-
tron microscope (SEM), Tescan VEGA-I1, USA, op-
erated at 20 kV. FT-IR spectrawere recorded using
Perkin EImer Fourier transforminfrared spectroscopy.
TheAC conductivity measurementswere carried out
on pressed discsin thetemperaturerange 30-120 °C
at frequenciesfrom 100 Hz up to 100 kHz using Hioki
Z-Hitester 3531 LCR Bridge and Hioki 9261 Test Fix-
ture, Japan.

e Tntian frnal, e ——



NSNTAIJ, 6(1) 2012

Ahmed M.Youssef 35

RESULT AND DISCUSSION

Thedesign of novel molecular structureand the ex-
pansion of anew doping method isachallengefor the
fabrication of polyanilinecompositesof highqudity, and
high solubility. Additionally, thetoxicity of theaniline
monomer isof concern with considersto an environ-
mentally friendly synthesis(i.e., green chemistry), and
requeststo betacklefor commercial applications, fur-
thermore, the efficient polymerization of anilinemono-
mer isaccomplished Smply inanacidic medium, where
anilinesurvivesasan anilinium cation. Theorganicand
inorganic acids of different concentrationshavebeen
usedinthesynthesesof polyanilinein presenceof TiO,
nanowires.

FT-IR spectroscopy

Figure 1 shows the FT-IR spectra of the TiO,
nanowires, PANi and PANI/TiO, nanowires compos-
ites. It wasobserved that, TiO, nanowireshaving char-
acteristic peaks at 908 and 512 cnr! which are as-
sgnedtotheTi—O-Ti stretching vibrations. The bond
Ti—OH observed below 3498 cm™ indicatesthe exist-
enceof hydrogen bonding, whilethe characteristicbands
in IR spectra of PANi occur at 3488, 1595, 1468,
1328, 227, 1125, and 780 cnt. The spectraof PANI
exhibit the bandsat about 1595 and 1468 cm'* corre-
spondto C = C gretching of quinoid and benzoid rings
vibrations, repectively*d, indicating the oxidation state
of PANi (emerddinesalt). Ascommonly observed for
emeraldine salts, the benzenoid band at 1468 cmtis
stronger than that of thequinoid band a 1595cm. The
strong characteristic band appearing at 1125 cm was
explained by MacDiarmid and co-workers*! asthe
““electron-like band’” and is considered to be a mea-
sure of thedelocalization of theelectronsand, thus, is
indicative of the conductivity of PANi. Also, theincor-
poration of TiO, nanowires|eadsto the shift of some
FT-IR bands of prepared polyaniline composites. The
characteristic bands in the spectra of PANi/ TiO,
nanowirespreparedin 0.4 mol/| of acetic acid observed
plusto the characteristic bands of PANI, areat 1479,
1425,1202, 1070, 750 and 696 cn* (Figure 1d). The
bandsat 1479 and 1425 cnmr* arerelated to mix C-C
stretching, and C-H and C—N bending vibrations ob-
served in the spectraof the aromatic oligomerg“®:59,
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The peak at 1070 cm? is possibly due to the S=O
stretching vibration and suggeststhe presence of sul-
fonic groups on thearomatic ringsg®Y. When polymer-
ization of anilinewas performed in solutions 0.2 mol/I
of sulfuric acid therearebandsat at 3485, 1586, 1446,
1328, 1187, and 748 cm* (Figure 1¢). Also, thereare
blue shift inthewave numbersfor the bands obtained
form PANI/TiO, nanowires composites (Figure 1c, d)
compared with that obtained from pure PANi (Figure
1b) asshownin TABLE 1. Furthermore, it can benoted
that the hydrogen-bond absorption at 3230 cm? is
strengthened inthe presence of TiO, nanowiresinthe
polyaniline composites which suggested that thereis
strong interaction between the polyanilineand TiO,
nanowiresthrough hydrogen bonds between PANI and
hydroxyl group of TiO, nanowires.
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Figurel: FTIR spectraof the samplesobtained thr ough oxi-
dativepolymerization: (a) TiO2 nanowires; (b) Polyanilinein
absenceof TiO2 nanowires; (¢) polyaniling/ TiO2 nanowires
composites prepared using acetic acid 0.2 mol/l; (d)
polyaniline/ TiO2 nanowir espr epar ed compositesusing sul-

furicacid 0.2 mol/I.
UV-Visiblespectra

Figure 2 showsthe UV—vis absorption spectra of
polyaniline/TiO, nanowires (10 %) prepared in differ-
ent in acidic medium. Noticeably, the prepared
polyaniline/TiO, nanowires (10%) compositesnot only
can strongly absorb the UV light but also be ableto
absorbthevisibleand near-IR light. Thecharacteristic
peaks of polyanilineappear at two bandscloseto 325
and 620 nm. The absorption peaksat 325 and the ab-
sorptioninthevisibleregiona ~620 nmaredueto the
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n—1* (benzenoid) and n- * (qQuinoid) transitionsof the
emerddinesdt of thepolyaniline backboned®?, respec-
tively. Theseresultsarereliablewith that reported by
other authorg>%1, Amusingly, the absorption spectra
of the PANI/TiO, nanowires (10 %) compositesillus-
trated three characteristic peaksat 325, 445, and 630
nm. The additiona absorption peak at ~ 445 nmit per-
haps dueto the €l ectronic state provoked by the dop-
ing of the carboxylic groups of the acetic acid into the
iminesitesof PANI™. Moreover, thispeak illustrated
that theinteraction between the TiO, nanowires and
polyanilinelayer that facilitateselectron delocalization
between the composites, and a so improved the el ec-
trical conductivity of thepolyanilinecomposite®. The

Absmhance

Wavelenght, nm
Figure2: UV-visible spectraof a) polyaniline prepared by
classical method aswell as PANi/TiO2 nanowir es compos-
itesprepar ed by oxidation processin different acidic medium
b) 0.2M of sulfuricacid, and ¢) 0.2 M of aceticacid.

TABLE 1: Theblueshift of FT-IR band of Polyanilineand
Polyaniline/ TiO, nanowir escomposites

c=C
Samples C=Q benze_rl10id qui.noid
ringcm ring
cm™
PANI in absence of TiO, 1468 1146
nanowires
PANI/ TiO, nanowires
(10%) using 0.2 mal/l of 1446 1187
sulfuric acid
PANI/ TiO, nanowires
(10%) using 0.2 mal/l of 1425 1202

acetic acid
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two peaks assigned to the excitation of the benzenoid
and quinoid segmentswere shifted dightly inthe PANI/
TiO, nanowirescompositesand demonstratethe exist-
enceof asite sdectiveinteraction between thequinoid
ringof thePANi and TiO, nanowires™. Itiswell known
that the é ectronic absorption spectraof the conjugate
polymer are strongly associated to degree of doping,
conjugation length, and thetype of solvent usedto pre-
parethe polymer solution.

XRD diffraction patterns

Figure 3 confirmsthe X-ray diffraction patterns of
TiO, nanowires, polyaniline, and polyaniline/ TiO,
nanowires composites prepared using different acidic
medium using 10% TiO, nanowiresthroughout the oxi-
dative polymerization us ngammonium persulphateand
anilinemonomer. The XRD of TiO, nanowires(Figure
38) produced through the hydrotherma synthesisstep
could be indexed to the sodium titanate, Na,Ti,O,
(OH),, which has the body-centered orthorhombic
crystd structure shown abovethe corresponding XRD.
The body-centered orthorhombic Na, Ti., O, (OH) , is
made up of TiO, octahedrathat share edgesto form
two dimensional sheets. These sheetsareheld together
and e ectrostatically stabilized with Na“ and OH-inbe-
tweenthelayers. Conversdly, the peak of diffraction of
TiO,nanowires appearsat 20 =11° (d=8.1 A),26=
31°(d=3A)and 20=45.5°(d=2.16 A). While, the
Bragg diffraction peaksof 20 =25.5°(d=3.574 A), 2
0=20.8°(d=4.34A)20=28.7°(d=10.2 A)57,
and20=15.2° (d=5.9 A) can be found in the pure
polyaniline, asshownin (Figure3b).Alsoitcanbedis
tinguished that when using 10% of TiO, nanowiresin
thepolyaniline/ TiO, nanowirescompositesusing 0.2 mol/
| of sulfuric acid and 0.2 mol/I of acetic acid at room
temperature (Figure 3c, d) respectively, the peaks of
diffraction of polyanilineat 20 =25.5° (d=3.574 A),
and 20 =20.8° (d =4.34 A) become very weak and
broaden and the peak of TiO, nanowiresinthe XRD
spectrain the nanocomposi teswere absent thisbecause
thelow concentration of TiO, nanowiresinthe matrix
and theaddition of TiO, nanowireswashindersthecrys-
tallization of thepolyanilinemolecular chain. Thisisdue
to when the polyanilineisengrossed on chain of ab-
sorbed polyanilineistethered, and thedegree of crys-
tallinity decreases.
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Figure3: XRD diffraction pattern of a) TiO2 nanowir es, b)
purepolyaniline, ¢) PANi/ (10%) TiO2 nanowir escompos-
itesprepared using 0.2 mol/l of sulfuricacid, d) PANi/ (10%)
TiO2 nanowirescompositesprepar ed using 0.2 mol/l of ace-
ticacid.

Figure4illugtratesthe X -ray diffraction patterns of
polyaniline obta ned through oxidative polymerization
of anilinein presenceof 10% TiO, nanowiresusing 0.2
mol/| of sulfuric acid and 0.2 mol/l of aceticacidat O
°C. whenusing sulfuric acid asinorganic acid medium,
therearetwo peaksat 20 =5.86° (d=15A),and 2 6
=10.82° (d=8.2 A) that indicate that the formation of
short oligomerscomposed of severd anilineunits, rich
in phenazine structures which appear at 26 = 5.86°
whereas the other peaks appear at 2 6 = 10.82° for
TiO, nanowires which proven by SEM micrograph
whichisstronger thanthat of polyaniling/ TiO,nanowires
prepared using 0.2mol/l acetic acid, Theresults sug-
gest that theformation of polyanilinenanofibersonthe
surfaceof TiO, nanowires.
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Figure 4 : XRD diffraction pattern of, a) PANi/ TiO2
nanowires (10%) composites prepar ed using 0.2 mol/l of
acetic acid prepared at 0 oC, b) PANi/ TiO2 nanowires
(10%) compositesprepar ed using 0.2 mol/l of sulfuricacid
prepared at 0oC.

Morphology
Scanning electron microscope (SEM)

Thestudy demongtrated that SEM resultswhen ap-
propriatey interpreted and combined with TEM results
giveamuch clearer pictureof theformation of different
morphol ogy of PANi. Corresponding, thesetwo tech-
niquesoffer informationto hel p usto achievesignificant
relationships between the polymer-inorganic
nanocomposites nanostructure. Al so, the morphol ogy
of the prepared PANI particles by oxidative polymer-
ization using organic/inorganic acid mediumin presence
of 10%of TiO, nanowiresisfrequently difficult to con-
trol, andismost often nanofibersrather than globular
micro/nanostructure. Moreover, the construction of
granular, leaves, roseand fibers micro/nanostructures
morphologies of conductive polymersin presence of
TiO, nanowireswere highly attractive, dueto ahigh
length/diameter ratio (i.e. high aspect ratio) of TiO,
NanNowires.
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Figure5: SEM micrographsof TiO2 nanowiresprepared b
hydrother mal method using 10 M NaOH for 72 hr. at 220-
2400C, for clarity usingdifferent magnifications(a, b).

TheSEM microgaphsof polyanilineTiO, nanowires
wasdoneand for the sake of clarity, each photograph
isshownindifferent megnifications. TheTiO, nanowires
areclearly obviousinthe SEM image (Figure5a, b) as
tangled, ropeswith asmooth surface. For the PANi/
TiO, nanowires composites, the changesin the mor-
phology areremarkable. Also, for the prepared com-
posites, when the polymerization take placeusing 0.4
mol/L of sulfuricacid asstrong acidic mediumin pres-
enceof TiO, nanowiresfadilitated theformation of PANI
particlesonthesurface of the TiO, nanowiresby for-
mation of core-shell polyaniling/ TiO, nanowirescom-
posite, asshownin (Figure6).

TFNY

i e B
Figure6: SEM micrographsof polyaniline/ TiO2 nanowires
compogtespr epared by oxidation polymerization usng0.2 M
Sulfuric acid (H2SO4) using 10 % of TiO2 nanowires, at
room temper atur eat differ ent magnifications(a, b, ¢, and d).
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By carrying out the polymerization processof aniline
in 0°C theincrediblemorphology of PANI nanofibers
onthesurfaceof TiO, nanowiresasnetwork like-struc-
ture this because of the high aspect ratio of TiO,
nanowires which lead the formation of polyaniline
nanofibersonitssurfaceasobservedin (Figure7).

Figure7: SEM micrographsof polyaniline/ TiO2 nanowir es
compositesnanofiber sprepar ed by oxidation polymerization
using 0.2 M Sulfuric acid (H2SO4) using 10 % of TiO2
nanowires, 00C, for clarity using different magnifications
(a,b,c,andd).
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Figure8: SEM micrographsof polyaniline (Granular struc-
ture) prepared by oxidation polymerization usng0.2M acidic
acid in absenceof TiO2 nanowir es, for clarity using different
magnifications(a, b).

Additionaly, The SEM distinguished that themor-
phology of the PANi/ TiO, nanowires composites
changed from 1D nanofibersto 2D leavesand 3D rose-
like microstructures by changing either the concentra-
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tion of TiO, nanowires during the polymerization pro-
cess or by changethereaction temperature, Figure 8
showed that the formation of granular structure of
polyanilinewhen using 0.4M of acetic acid inthe ab-
sence of TiO, nanowiresat room temperature and the
APS/ANI molar ratio was 1:1.25. The formed
polyanilineexhibitsgranular particlesor aspongelike
structure of pure PANi obtained in a standard poly-
merization. Granular morphology isthemog typica form
for PANi preparedinthetypical way®8.

It can bethought that the granule structure of PANI
hasacore-shell structure. The core is contained phena-
zine nucleatesand the shell iscomposed of radically
oriented stretched PANI chains. Theordering of chains
islower at the globule edge, and the PANi chainsbe-
comerandomly oriented closeto thegranul e surface’™.
When the polymerization of anilineoccursby loading 5
% of TiO, nanowires, themorphology of the prepared
composites is totally differ and leave-like micro/
nanosturacture PANI/ TiO, nanowires compositeswill
beformed asshown in (Figure 9) and for moredirect-
ness, each photograph isshown intwo magnifications
for the PANi/ TiO, nanowires composites and the
changeinthemorphology of the prepared composites
areextraordinary, However, Figure 10 revea ed that
theformation of 3-dimensiond polyanilineroselikemi-
cro/nanostructurein case of loading the concentration
of TiO, nanowiresto 10 % depend on the monomer
concentration and the composition of thetwo kinds of
particles depends on the content of TiO, nanowires
charged. Withincreasing TiO, nanowires content, the
contact areabetween polyaniline and TiO, nanowires
increased, the absorbed polyanilineincreased, and the
content of free polyaniline decreased, which leadsto
theformation of rose-like micro/nanostructure with a
more uniform composite structure.

Therichdiversity of PANiI structurespreparedin
0.4 mol/L* acetic acid isbetter visualized on SEM mi-
crographs (Figure 11) and may betheresult of the ex-
istence of TiO, nanowiresthat |ead to theformation of
PANI nanofiberswhen using sol ution of acetic acid due
tothe high surface areas of the TiO, nanowiresworks
ascorecoated by theshell of polyanilinewhich causing
the arrangement of PANI nanofiberson the surface of
TiO, nanowiresthis phenomenawas observed alsoin
caseof using sulfuric acid asinorganic acid. It can be
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Figure9: SEM micrograph of polyaniline/ composites(leaves
—likemicro/nanostructure) prepar ed by oxidation polymer -
ization using 0.2 M acidic acid by theaddition of 5% TiO2
nanowiresfor clarity using different magnifications(a, b).

Figure 10 : SEM micrographs of polyaniline composites
(rose-likemicrostructure) prepar ed by oxidation polymer -
ization using 0.2 M acidicacid (HAC) by theaddition of 10
% TiO2 nanowires, for clarity using different magnifica-
tions (a, b). Arrowsindicated the formation of rose—like
microstructure.

concluded that the PANI nanofiberstakes placeby us-
ing TiO, nanowiresin organic acid medium and PANI
isproduced as nanofibers having adiameter of tensof
nanometersand alength of afew micrometers. Also,
the construction of nanofibersisbased on the mecha
nism of the stacking of phenazinenud eates, fromwhich
polymer chainsgrow. The nanofibersradiusisdeter-
mined by thelength of the polymer chains, i.e. by their
molecular weight. At higher aniline concentrationsthe
radiusincreases during the polymerization. The use of
ammonium peroxydi sulfate as oxidantswith ahigh oxi-
dation potentia, favors secondary nucleation. Simulta
neoudy with the growth of nanofibers, theformation of
new nucl eatestakesplace closetotheir surface. Also,
the mechanism of atemplate process has been acces-
sible in explanation’®®. As well, the formation of
polyaniline compositeswith acore-shell structuretill
remainsapuzzle and needs new technol ogiesand new
methods
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b, - B o ) . i e -
Figurel1l: SEM micrograph of polyaniline composites (fi-
ber s-likemicro/nanostr uctur €) prepar ed by oxidation poly-
merization using 0.2 M acidic acid by the addition of 10
% TiO2 nanowiresat 0 oC at different magnifications(a, b,
andc).

Transmission electron microscope(TEM)

Figure 12 reveal ed that the TEM micrographs of
TiO, nanowires, purepolyanilineand polyaniline com-
posites constructed by oxidative polymerization us-
ing sulfuric acidin presence of TiO, nanowires at
room temperature. Figure 12asuggeststhat (i) the
bundled TiO, nanowires mostly stay in astacked (i.e.
one sitting on the other) and warped form dueto an
interfacial bonding that holds all the nanowiresto-
gether inabundle, and (ii) therecognizable spacein
between the nanowiresin the bundlesisdueto the
interfacial bonding asweak as, likely aH-bonding.
(Figure 12b) showsthe pure polyanilinewithout any
TiO, nanowires which represent nanofiber form of
polyaniline. The average diameter of the produce
nanofiberswasabout 20 nm. Thesethinner polyaniline
nanofibers aggregated to bundles by van der Waals’
forces. By loading 10% of TiO, nanowires during
the polymerization process of polyanilineat 0°C
the TEM image confirmsto type of nanofibers one
for the surface of TiO, nanowires (Figure 12c) and
the other for polyaniline nanofibers as network on
the surface of TiO, nanowires asrevealed by SEM
(Figure12d). Interestingly, the oxidative polymer-
ization of aniline monomers providesarouteto the
direct configuration of nanofibers of PANi- TiO,
nanowires composites when the polymerization
takes place at room temperature, the formation of
polyaniline nanofibersin case of using two type of
acids (Figure 12¢, f) and thereis no changein the
TEM image by increasing the reaction temperature
from zero to room temperature in presence of 10%
TiO, nanowires.
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Figurel2: TE

PANi without TiO2 nanowires; ¢) PANi-10% TiO2nanowires
prepared using acetic acid at 0 oC; d) PANi-10 % TiO2
nanowiresprepared using Sulfuric acid at 00C; €) PANi-10
% TiO2 nanowiresprepared using acetic acid at room tem-
perature; f) PANi-10 % TiO2 nanowires prepared using
Sulfuricacid at roomtemperature.

Electrical conductivity

Thedectrica conductivity of polyanilineisasignifi-
cant parameter for most gpplicationsof conducting poly-
mers, inthepresenceof thesinglecrystalinity and mul-
tilayered TiO, nanowires could providedirect electrical
pathwaysfor photogenerated el ectrons and enhance
the electron transport rate in the polyaniline
nanocomposites, when 0.2M aniline monomer was
oxidized with0.25M ammonium peroxydisulfateinpres-
ence of 10% TiO, nanowires and using an agueous
medium containing 0.2 mol/L of sulfuricacidand 0.2
mol/L of acetic acid. Theelectrica conductivities of
polyaniline composi tes obtai ned through oxidative po-
lymerization using 10% of TiO, nanowiresin presence
of acidicacidincreasing from 6.6x10°t08.2x102Scrm
! by decreasing the temperature from 25°C to 0°C.
Whilethe conductivity of polyaniline prepared in ab-
senceof TiO, nanowiresusing 0.4 mol/L of acetic acid
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is9.6 x10*Scm*. Aswell, the conductivities of com-
posites prepared using 0.2 mol/L of sulfuricacid dso
increasing from 1.48t0 2.12 Scm'* by decreasing the
temperaturefrom 25°C to 0°C compared with the pure
polyaniline prepared in absence of sulfuricacidwhich
around 3.2 Scmtasshownin TABLE 2. Thisincreas-
ingintheconductivity by decreasing thetemperatureis
not easy to clarify but an assumptionisaccessible. Ring
sulfonationinthe polyanilinechainsmay take placedur-
ing polymerization by theattack of peroxydisulfateradi-
cals. Such aprocess might be moreconcernedin the
polymerization at |ow temperature, which proceedsfor
long time. Thesulfoxy groupswould then participatein
internal protonation(®™ aself-doping, thus moderately
increasing the conductivity. Thishypothessissupported
by the e emental analysisof the PANi baseswhich re-
veal ed the presence of 0.3 wt% sulfur®. In addition,
thisresultssuggest that the conductivity decreased by
theaddition of TiO, nanowires during polymerization
process.

TABLE 2: Theélectrical conductivity of polyaniline and
polyaniline/ TiO, nanowir escomposites.

... Percent of
Conductivit .
Sambles Acid A" Tio,
P Concentrations nanowir es
25°C 0°C
Are Ciircedd 32
Polyaniling - 6 omol of 96
acetic acid x10*

A opT
PANl/TlOz 0.2 mQI/I o_f 148 212 10 /oT.|02
composites sulfuric acid nanowires
PANi/ TiO, 0.2mal/l of 6.6x100 8.2 10 %TiO,
composites acetic acid ®  x10? nanowires

CONCLUSION

TiO, nanoparticals (P,,) were successfully con-
verted to TiO, nanowiresviahydrotherma processus-
ing 10% NaOH, PANI/TiO, nanowirescompositesby
polymerized the aniline monomer using potassium
persulfate as oxidant in the presence of aceticacid and
sulfuricacid mediumusing 10 % TiO2 nanowires. The
prepared PANI/TiO, nanowirescompositeexhibitsan
additional band at around 445nm in the UV-Visible
spectra, which confirmed theformation of polyaniline
inthecomposite. The FT-IR spectraof the PANI/TiO,

—= Ful] Paper

nanowirescompositesdemondgratestheshiftintheC=
C of quinoid and benzoid ringsvibrations as compared
tothat of pure PANi. The morphology of the prepared
PANI/TiO, nanowires compositesweredistinguish by
SEM and TEM and varied from 1D nanofibersto 2D
leaves and 3D granules and rose-like micro/
nanostructures counts on thereaction conditions. Fur-
thermore, Theédectrical conductivity of the prepared
PANI/TiO, nanowires compositeswas eva uated and
no significant decreasein conductivity compareby pure
polyaniline prepared in absence of TiO, nanowiresbe-
cause of the TiO, nanowiresworks as network struc-
ture on the polyaniline compositesand to beintheor-
der of 102 S/ cmincaseof usingaceticacidand 10 S
cmin caseof using sulfuric acid.
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