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ABSTRACT

Photo-induced copolymerization of 2-hydroxyethyl methacrylate (HEMA)
and Butyl acrylate (BuA) initiated by nano-TiO, semiconductors were
studied. The heterogeneous copolymerizations were carried out by
dispersing TiO, particlesinto HEMA/BUA agueous sol utions using various
monomer concentrations, for different irradiation times. The obtained
copolymer was complexed with copper and iron as transition metals. The
copolymer and its complexes were characterized using various tools, such
aselemental analysis, and FTIR spectroscopy. Thermogravimetric analysis
and conductivity measurements of both the copolymer and its complexes
were also carried out. Antibacterial activity of both the copolymer and the
complexes was investigated. Mechanism of photocatalytic polymerization
wasillustrated. The results of thermogravimetric analysis and conductivity
measurements have shown that the thermal stability was improved and a
good electrical conductivity was obtained for the copolymer complexes
compared with the non-complexed one. Copolymer complexes, in particular
the Cu-one showed high antibacterial activity.
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Photochemical reactionsisconsidered to beclean
techniquesenvironmentally.

The state of the environment is a subject of
continually growinginterest to the public, and asinterest
grows the factors influencing the health of the
environment are being concerned. While semiconductor
photocatalysisisnot anew technique; itisonly inthe

last 30 years that it has gained prominence. It is a
catalytic techniquethat it obtainsitsenergy fromthe
absorption of photons of light (solar or artificial),
potentially making its use very cheap and therefore
finding new applicationsisasubject of much interest.
When thegpplicationsof photocatdysswereeventudly
examined, awiderange of possibleapplicationsof the
technology were found. During that initial period,
applications such as water splitting, oxidation and
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reduction were found to be possible. One of the
applications of photocatalysis that has only found
investigationtoalimited extentistheuseof thistechnique
for synthetic organic and polymeri zation reactiong*?.

Copolymerization of 2-hydroxyethyl methacrylate
(HEMA) with someacrylicmonomersandvinyl acetate
using redox initiatorswascarried out inDMF andin
aqueousmedium. Thebutyl acrylatehasahighreactivity
towards growing HEMA radicals and the aqueous
copolymerization resultingin copolymershavingahigher
HEMA content*l. Poly (n-butyl acrylate) membranes
for potentiometric ion-selective electrodes were
devel oped and studied by someworkers®.

This biocompatibility of 2-hydroxyethyl
methacrylate (HEMA) makes the acrylates and
methacrylateshaveawidevariety of uses, rangingfrom
artists’ paint to fake nails and many other medical
goplications. Itiscurrently found in contact lenses, bone
cements, and dental composites, HEMA can aso
potentially be used in other biomaterials, including
hydrogel sfor drug ddiveryl and adhesivesfor bandages
andwound dressingd”8. Theeffect of certain polymers,
ashiomaterids, containing 2-hydroxyethyl methecrylate
(HEMA) on the human complement system was
investigated. Introduction of 5% (w/w) hydroxyethyl
methacrylate resulted in asignificant improvement of
sensor analytical parameters. 2-Hydroxyethyl
methacrylate (HEMA) hydrogel sarematerialswitha
largenumber of biomedica gpplications, suchascontact
lenses, artificia implants, drug ddivery systemd®9, this
isduetotheir biocompetibility, hydrophilicity, softness,
high water content and permesbility.

Copolymers of HEMA with ethylmethacrylate
(EMA) varying from 100 to 40% HEMA in the
monomer made by radiation initiation wereused to coat
glassdiscs™™. HEM Awhichisstrongly hydrophilic, with
hydrophobic monomershaving alow glasstransition
temperaturei.e. ethyl acrylate, n-butyl acrylate can be
copolymerized with thesesmonomerstoinvestigatethe
mechanical propertiesof theresulting copolymerg™y.

Itiswell knownthat TiO,, havetwo common effects.
The first effect is the high refracting index and the
associated light scattering!*? where the second isthe
degradation effect on polymer matrices®**4. Thethird
effect that can betaken into account isthe possibility of
catalyzing the photopol ymerization reactin of acrylic
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monomersusing TiO,. Damm and coworkers, describe
acrylate polymerizationwith pure TiO,[*. Samples of
TiO, having different specific surfaceareas (BET) and
different numbersof primary crystdlitesper secondary
particlewere prepared by anneding amorphousTiO, at
different temperatures. Amorphous TiO, wasnot ableto
initiate the polymerization process. The optimum
polymerization rateaswel | asthemonomer conversion
after anilluminationtimeof 120sincreesad withincreesing
number of primary crystdlitesper agglomerate. Different
typesof TiO, based photocatal ysts have been used in
photopol ymerization reactiong .

The presence of nano-sized TiO, in synthesis of
various polymeric systemshaveimproved thethermal
stability of these polymers. Thehigh heat stability could
be dueto thegood homogeneity of dispersed nano TiO,
inthe polymer matrix***9. Semiconducting TiO, isalso
a potential candidate for the UV-curing of
monomerg®2 asitiswel knownthat by UV-excitation
avalencehole and conduction €l ectron can be created
inthesolid. Such atrangtion only takesplacewhen the
energy of theirradiator wavelength isequal or higher
than the band-gap of the used photocatalyst. TiO, inits
anatase form hasaband gap of 3.289 eV. It isstated
that TiO, nanopartid eshavebeen used aspolymerization
initiators in both thermal and photochemical
polymerization??, Some previous studies were
concerned withthe metal complex formation of some
copolymershby trestment the copolymerswithmeta sdt
solutions. Theobtained copolymer complexeshavegood
semi conducting behaviorz2,

Inthepresent investigation, it wasof interest to gpply
the photoctal ytic technique in the green synthesis of
HEMA-BUA composite. The copolyymerzation of
HEM A with BUA invariousmonomers concentrations
Isinvestigated. In addition, the complexation of the
prepared composite polymer with different metalsis
examined. The prepared composites have been
characterized using elemental analysis, FTIR
Spectroscopy, thermd gravimetricandyss, and dectrica
conductivity.

MATERIAL SAND EXPERIMENTAL
TECHNIQUES

Hydroxyethyl methacrylate (HEMA) and n-butyl
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acrylate (BuA) were supplied by Merck, Germany, and
purified by didtillation under vacuum. Metd chloridesats
were obtained from Sigma-Aldrich company. TiO,
anatase, nano-powder (particlesize<25 nm), was also
supplied by Sigma-Aldrich company. All solventswere
distilled beforeuse.

Photocatalytic copolymerization procedure

UV-induced radical copolymerization of HEMA
and BuA wascarried out in aqueoussolutionin absence
and in presence of nano TiO, using different
concentrations (0.005 0.01, and 0.05, g/L). The
applied HEMA/BUA, monomeric molar ratioswere
80:20, 60:40, 40:60, and 20:80. The photoco-
polymerization reaction was subjected to amedium
pressure-mercury lamp of 150 W and | = 365 nm
(PhilipsHPK-150W). for varioustimeintervals(l, 2,
3, and 4h).

The photocal ayzed copolymeri zation processtook
place under nitrogen. After the required time, the
copolymeri zation reaction was stopped and | eft to cool
inanice-water-salt mixture, followed by pouring the
contentsinto alargeamount of distilled water togetrid
of any formed homo-polymers. Theraw productsin
powders, containing TiO, and theresulting copolymer,
were obtained from the reaction mixture by
centrifugation at aspeed of 10,000 rpm, washed by
hot water and then dried under vacuum to remove
monomer traces. The copolymerization analysiswas
calculated on the basis of the carbon and hydrogen
content of the copolymer a thecentral MicroAndytica
UnitinCairo University
Preparation of copolymer metal complexes

Copper and iron complexes of the chelating
copolymer (HEMA/BUA) wereprepared according to
the following procedures. Approximately, 1g of the
prepared copolymer (HEMA/BUA) wasdissolvedin 20
mL of dimethyl formamideand refluxed with50mL of 1
weight% of metd salt solution, (Cuppricchloride, ferrous
chloride), for 2ha 100°C. The coloured copolymer metal
complex waswashed severd timeswith distilled water
methanol, and acetoneand then dried at 50°C.

Characterization of the copolymer and its metal
complexes

FTIR spectroscopy was measured for the

investigated samples using Testcan Shimadzu IR-
Spectrophotometer (model 8000).

Thermogravimetric anaysis (TGA) wasdoneon
TGA-50H Shimadzu thermogravimetric Analyzer.
Sampleswere heated from 0 to 500°C in a platinum
panwith aheating rateof 10°C/min under N, @amosphere
withflow rateof 25 mL/min.

Measurements of dc conductivity at room
temperature were made using aspecial designed cell
provided with atemperature controlling system. Kethly
616 digital electrometer was used for current
measurements at a certain applied voltage.
Measurements were carried out using two probe
el ectrodes.

M etal content measur ements

Estimation of metals chelated in the copolymer
complex (Cu, Fe) wascarried out using VarianAA 220
FlameAtomic Absorption Spectrometer. The spectra
lines used for determination were 324.7 nm for Cu,
and 248.3 nm for Fe. The standard sources of the
investigated elements are hollow cathode discharge
lamps made by Cathodeon, England. Thedit widths
used for eement determination are 0.5, and 0.2 nmfor
Cu, and Ferespectively. Thefuel usedfor theflameis
acetylenefor thethreed ementsunder investigation with
oxidizingflamestoichiometry. No chemicd interferences
were measured whilemeasuring thed ementsof interest
inthiswork.

The working standard solutions were freshly
prepared and normal calibration graphs were
constructed for each element with suitable standard
samples according to the recommendations of the
manufacturer of theinstrument.

Polymer samplesweredigested using THF to create
compl etely digested sampl es. Liquid polymer samples
were diluted with double distilled water just before
sample measurement. Thecalibration graphsused for
the investigated elements measurement were
constructed applying normal agueous standardg?.

Antibacterial activity

Antibacterial activitieswere carried out against
highly pathogenic strains; Gram positive bacteria
Saphylococcus aureus, and two Gram negative
bacteria Escherichia coli and Pseudomonas
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aeroginosa. Agar disk diffusion, ADDT, (qualitative
method) and minimuminhibitory concentration (MI1C)
(quantitative method) wereused inthisstudy. Wherein
asuspension of bacteria strainswerefreshly prepared
by inoculating fresh stock culturefrom each straininto
separate broth tubes, each containing 7 ml of Muller
Hinton Broth for bacterial strains. Theinocul ated tubes
were incubated at 37°C and 28 °C for 24 hr,
respectively. Serid dilutionswere carried out for each
strain, dilution matching with 0.5 Mc-Farland was
selected for screening of antibacterial activities.
Tetracycline 100pg/ml was used as reference drug
(Oxoid).

Determination of antimicrobial activity by disk-
diffuson method (Bansod and Rai)

Muller Hinton and Sabaroud Dextrose agar plates
wereprepared. Bacterid strainsmatchingwith0.5Mc-
Farland were spread onto the surface of the agar plates
using derilecotton swabs. For eva uation of antibacterid
activities, Whatman nol filter paper disks were
saturated with 100 pl of the extract, others were
saturated with 100 uL Tetracycline/ (100pg/mL) and
others 100 L. DMSO as control negative. Disks were
placed onto inocul ated agar platesand left for 1 hr at
25°C to allow a period of pre-incubation diffusion in
order tominimizetheeffectsof variationintimebetween
theapplicationsof different solutions. The plateswere
re-incubated at 37°C and 28°C for 24 hrs for bacterial
strains. After incubation, plates were observed for
antibacterid activitiesby determining the diameters of
the inhibition zone for each of the samples. For an
accurate analysis, testswererunintriplicatefor each
strainto avoid any error®.,

Deter mination of minimum inhibitory concentration
(MIC)

Microdilution platequantitative method (Andrews,
2001), i.e. theminimum inhibitory concentration (MIC)
was used for eval uation of theantibacterid activity of
the tested compounds against previously tested
organismsshowinginhibition zoneusing discdiffusion
method. Determination of MI1C of compounds against
tested i solateswas achieved usng 96-wd | sterilemicro
plates. Initia concentration 100%, thentwofold seria
dilutions of the compounds and reference drugs
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(tetracycline) and drugs coated with nanoparticleswere
inoculated with 100ul of tested isolates (0.5 McFarland,
about 1x10° cdls/ml) and incubated at 37°C-28°C for
24 hfor bacteria After incubation, plateswereexamined
visually for bacterial growth precipitation. The
experiment was repeated three times. The lowest
concentration that showed completegrowthinhibition
of the microbewastaken asM|C?9,

RESULTSAND DISCUSSIONS

Characterization of HEM A/BUA copolymer

The FTIR spectrum hasindicated the absence of
theabsorptionband at 1638 cm®, characterigtic for the
carbon-carbon double bond present in the starting
monomers, indicating that true copolymerizationis
formed. The spectrum shows also the characteristic
broad IR absorption bands at 3421cm* and 1739cm?
corresponding to the—OH group of HEMA and —-C=0
group of BUA moietiesrespectively inthe copolymer.
Theelementa anaysi s of the copolymer wascarried
out and the chemical formulais, C H,,0,: Calcd. C
67.29%, H 10.28%, O 22.43 found: C 67.15%, H
10.22%. The composition of the monomer feed and
that of the copolymersin presence of 0.01g/L of nano-
TiO, after different irradiation time, is complied in
TABLE 1. It is obvious from the results that the
conversion % of theformed copolymer increasesas
themolar ratio of theHEM A monomer increases. This
percentage is also increased with increase in the
irradiation time. Theeffect of both TiO, concentration
and irradiation time on conversion % of the
copolymerization of HEMA/BUA (80:20) isrepresented
inFigurel. Itisclear that, on applying themonomeric
molar ratio (HEMA/BUA, 80:20), the conversion %
wasincreased after 2hirradiation from 3.80t08.601in
absence and in presence of 0.005g/L of nano-TiO,
respectively. Thisconversionishighly increased with
theincrease of the concentration of TiO, (0.01g/L) to
reach 34.50%, and then very low conversion %
increasetook placeto obtain 37.01 %in presence of
0.05g/L TiO, after the same 2h irradiation time.
Therefore, it may be considered that the optimum
condition can beobtained in case of gpplying themolar
ratioof HEMA/BUA, 80:20in presence of 0.01g/L of
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nano TiO, after irradiation time of 2h, and theincrease
ineither the % of photocatalyst or theirradiationtime
doesnotleadto highincreaseintheyield.

TABLE 1: Copolymer compostion of HEM A/ BuA

Conversion% after
irradiation time (h)

Molar ratios( %)

HEMA/BUA 1 2 3 4
80:20 923 3450 3538 36.20
60:40 841 2754 2934 30.09
40:60 7.04 2530 27.38 29.64
20:80 6.35 21.29 2439 26.75
45
. 40 # Absence of TiO2
35 W0.005¢/L TiO2
g 30 0.01 /L TiO2
w25 0.05 o1 TiO2
T 20
E 15
5 10
5
0F
0 1 2 3 4 5

Irradiation time
Figurel: Effect of irradiation time (h) on conversion % of
copolymerization reaction of HEM A/BUA (80:20) in absence
and in presenceof different ratiosof nano-sized TiO, (g/L)
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H
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Photocatalytic action of TiO, on copolymerization
process

The photocatalytic effect of TiO, on
copolymerization reaction can be explained according
tothefollowing mechanism:

Upon UV illumination of nano-TiO, particles, a
conduction-band € ectron and s multaneoudy avd ence-
band holewill be produced on the surface:

TiO,+h%=e,  +h", @)
Inthe presence of oxygen and water, hydroxyl radicals
can be produced via asequence of reactionsfrom the
conduction-band el ectron. The e ectronistrapped by
the primary hydrated surface of TiO, (Ti'"VOH), where
after the Ti"" OH (as electron donor) is formed by
interfacia chargetransfer. The subsequent reduction of
the el ectron donor with O, producesacharge carrier
of O, , producing the OH" radlical asindicated through
thefollowing sequences-34,

TiIOH+OH =TiO™ @)
TiOH +H*=TiOH,* (©)
0,+TiO,(e, )=0," (4)
H,0+0, =HOO'+OH" (5
Tio, (h, ")+ OH™ =OH’ (6)

The photocatal ytically-generated radicals (e.g. OH',
HOO) are considered to bereactiveenoughtoinitiate
the copolymerization process via opening the double
bond of the monomers, as a normal free radical
mechanism.

Complexation of photocatalytically synthesized
HEM A/BUA copolymer

Incorporation of achelating moiety of the polymer
chaincouldimpart interesting propertiestothe polymer.
Polymer-metal complexes could also have catalytic
activities and offer excellent models for metallo-
enzymes®3. Thephotocatal yzed copolymer, HEMA/
BuA, with the conversion % of 34.50 istaken to be
chelated with copper and iron metalsby itsreaction
with their metal saltsasexplained inthe experimental
section. 2-Hydroxyethyl methacrylate that has been
copolymerized with butyl acrylate acted asacheating
stefor thesd ected trangtion metd ions. Thecopolymer
complex isproposed to givethe arrangement of d’sp?
orbitals available for hybridization as octahedral
complexesincaseof Fe**, but in case of Cu?* complex,
it may give the arrangement of dsp? or sp?orbitals
available for hybridization as square planar or
tetrahedron complexed®. The proposed copolymer
complex structureisgiven below.

Characterization of (HEMA/BuA) copolymer-
metal complexes

The copolymer-meta complex was characterized
using FTIR spectroscopy, and the % of metal in the
copolymer complex wasestimated. Thermd gravimetric
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andyssand e ectrica conductivity werea so measured.
Figure (2a& b) showsthe absence of the IR absorption
band at 3421 cm that isrel ated to thefree—OH group
of HEM A moiety inthe copolymer, and 1739 cnm* of —
C=0 group of the BUA. Instead, anew IR peak has
appeared at 3180 cm'* that may be considered to be of
the bonded—OH group of the water molecule present
in the copolymer complex, also the IR peak of the—
C=0 group has been shifted to 1698 cnr. Thisismay
beattributed to theinvolvement of thesefunction groups
inthe complexation reaction process. It isaso noticed
from Figure (2a& b) that new absorption bands have
appeared nearly at 1578 cnrt and 1592 cm'?, showing
thetendency of the copolymer for chelation of the—
C=0 group with copper and iron cationsrespectively.
TABLE 2 show both the molecular formulaand the
percentages (cal culated and found) of eementsinthe
copolymer anditscomplex.
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The TG curvesof HEMA/BUA copolymer and its
metal complexes(Cu*?, and Fe™?) areshownin Figure
3. Theinitia and maximum temperaturesat whichthe
decomposition of thecopolymer anditscomplexesstarts
andcompletes, T, ..and T __ . arealsosummarizedin
TABLE 3. Itisobserved from Figure 3that thethermal
stability of thecopolymer metal complexsareenhanced

gt

QH9

('4H9—0\ C//O OH, \f/CHz)z
CH, —éH\ / C CH \ —‘
' . . ]

TABLE 2: Molecular formula, and elemental analysisof HEM A/BUA copolymer and itscomplexes

Elemental analysis %
Calculated Found
C% H% O% M% C% H% O% M%

Sample Molecular Formula
HEMA/BUA Copolymer (80:20) C1oH»04
(HEMA/BUA)Cu*? CasHa605Cu
(HEMA/BuUA)Fe"™ CasHas0sFe

67.29 1028 2243 0.0 67.13 1025 2238 0.0
5480 8.75 24.36 12.08 5447 839 2421 1240
5533 848 2459 11.24 5528 877 2442 11.37

RO

VA

‘4000 T 3000 2000
(a) Wavenumper o 11

JJJJJ

b) w N oo - "'.n":un 20
Figure2: IR spectraof (a), HEM A/BuA (80:20)-Cu? complex
and (b), HEM A/BuA (80:20)-Fe** complex

when compared with that of the untreated copolymer.
Thismay beattributed to theformed meta -copolymer
chemicd bondsthat strengthenitstherma stability. The
HEMA/BUA copolymer complexedwithiron hasgiven
higher thermal stability thanthat complexed with copper
ion, which may be dueto astronger chemical bondin
the case of (HEMA/BUA) Fe? thanthat of (HEMA/
BuA) Cu*.

TABLE 3: Thermogravimetric analysisand Conductivity

measur ementsat r oom temper atur eof thecopolymer and its
complexes

Copolymer T Initial °C T max°C & x 10° (@' cm?
HEMA/BUA 80:20 62 357 0.074
HEMA/BUA (Cu*?) 121 419 0.093
HEMA/BUA (Fe) 178 512 1.498

The conductivity of the prepared (HEMA/BUA)
copolymer via photocata yti c reaction using nano-TiQ,
and its metal complexes were measured at room
temperatureand thedataaregivenin TABLE 3. It is
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clear that the copolymer anditsmetal complexesshow
semi conducting behavior and themeasured conductivity
ishigher for the copolymer-meta complex than that for
the copolymer itself. Also the conductivity va ueof the
copolymer-iron complex ishigher than that of copper
oneandthismay bedueto achlorineatom till attached
totheFe** ion.

120
#HEMA/BuA (80/20)

100 EHEMA/BuA (80/20) Cu2+

HEMA/BuA (80/20) Fe2+

Weight loss %

0 100 200 300 400 500 600

Temperatures 2C
Figure3: TGA of thecopolymer HEM A/BUA (20:80) and its
metal complexin presenceof 0.01 TiO,(g/L),A: HEMA/BUA
(80/20) copolymer, B: HEM A/BUA (80/20) Cu?-complex, C:
HEM A/BUA (80/20) Fe**-complex

Biological activity studies

As well known that HEMA is used in the
manufacture of some medical materials, the recent
studies showed that its biocompatibility and
hydrophilicity with many acrylates produced new
copolymers of wide rangesin clinical and medical
applicationg®9.

Moreover, itiswel known the possessing of TiO2
good antibacterid properties. For thisparticular reason,
it hasbeen carefully sdlected in thisresearch work, not
onlyfor itsability to catalyzethe photocopol ymerization
processhbut dsoitincreasestheefficiency of theresulting
copolymer antibacterid activity

Theantibacterial activity of all the HEMA/BUA
copolymer in various compositions and its metal
complexes against the Gram positive bacteria,
Saphylococcus aureus, in addition to two strains of
Gram negative bacteria, Escherichia coli and
Pseudomonasaeroginosa, wereinvestigated usng disc
diffuson (ADDT) and microdilution (MIC) methodsin
comparison with the reference antibacterial drug

Tetracycline. Theresultsof thedisc diffusion method
areshownin TABLE 4 and that of microdilution method,
for estimation of minima inhibitory concentration (MIC)
aregivenin TABLE 5. All resultshaveclearly reved ed
that, all HEMA/BUA copolymershave antibacterial
activitiesthat increased with theincreaseof theHEMA
content.

TABLE 4: TheADDT antimicrobial activity of the synthe-
sized compounds against bacterial and fungal strainsiso-
lated from animal origin

Sample G Bacteria. G" Bacteria
E-Coli Ps.aruginoas S. aureus

DMSO 0.0 0.0 0.0
Standard 1 & i‘g/iilne 3 28 31
HEMA/BuUA

80:20 23 25 24
60:40 19 18 22
40:60 17 13 18
20:80 14 12 16
HEMA/BUA(Cu*?) 35 29 28
HEMA/BUA(Fe™?) 27 24 22

TABLES5: TheMIC antimicrobial of the synthesized com-
poundsagainst bacterial and fungal strainsisolated from
animal origin

Sample G Bacteria. G* Bacteria
E-Coli Ps.aruginoas S.aureus
DMSO 0.0 0.0 0.0
Standard Igtor Tg%‘;'lilne 6.5 50 3.125
HEMA/BUA
80:20 3.14 12.04 2.41
60:40 4.07 17.57 2.96
40:60 4.98 21.30 3.05
20:80 5.97 32.64 481
HEMA/BUA(Cu™?) 1.37 1.83 2.04
HEMA/BUA(Fe*?) 2.86 15.79 3.42

This may be due to the biocompatibility of the
HEMA, inadditiontoitshydrophilicity, softness, high
water content and permesbility. Theresultsshowed aso
that the copolymer complexes have highly significant
antibacterial activities. Cu-copolymer complex
antibacteria activity isof higher vauesthanthat of Fe
complex and exceeds that of the standard drug, in
particular in case of the Gram negative bacteria,
Escherichia coli and Pseudomonasaeroginosa, when
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compared with thereference drug.

Antibacterial activity of the copolymer and its
complexes against the Gram positive bacteria,
Saphylococcus aureus are also of high significant
valuesin comparison with thetetracyclinedrug. The
HEMA/BUA of composition 80:20 and its Cu-complex
exhibited thehigher antibacterial activity.

Ontheother hand, dl copolymer compositionsand
themeta complexesshowed notableactivity withMIC
vaues. Cu-complex, gavethehigher antibacterid activity
against the Gram negative bacteria, Escherichia coli
and Pseudomonas aeroginosa and the Gram positive
bacteria, Saphylococcusaureus.

CONCLUSIONS

The heterogeneous photocatalytic copoly-
merizations of HEMA/BUA initiated by nano-TiO,
semiconductor WErE carried out. The highest conversion of
the copolymer wasattained on using the monomer molar
ratio 80:20 (HEMA/BUA) in presenceof 0.01g/L TiO,
for 2hirradiation. The considerable good yieldsmay
be probably dueto the great quantum yiel dsof thenano-
szedTiO, ;. Used. Thephotocatalytic polymerization
wasof afreeradical nature and thein situ generated
OH- radical that works as initiator. The resulted
copolymer was complexed with copper andironions
by thereactionwiththeir metd sdts. Thermogravimetric
analysis showsthat the complexation of HEMA/BUA
copolymer with these metals, improve the thermal
gtability whichishigher than that of the copolymer. The
copolymer complexesshow good e ectrica conductivity
compared with non-complexed one. Theiron-complex
hasexhibited higher thermal stability and good e ectrica
conductivity more than the copper one. Both the
copolymer with different monomer ratios and the
complexes showed good antibacteria effect against
sometypesof negativeand pogitivegram bacteria Cu-
complex wasof higher antibacteriad activity.
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