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ABSTRACT

This research involves the synthesis of copper nanoparticles with controlled size

by the application of gamma radiation with varying polyacrylic acid (PAA) and C11SO4

concentration. An alternative and convenient method was done which employs Co60

irradiation of solutions of copper salt and PAA with irradiation dose of 1.6, 3.6, 6.4, and

9.2 MRad. The effect of polymer and copper sulfate's initial concentrations as well as the

effect of the presence of alcohol as radical scavenger and the presence of

ethylenediaminetetraacetic acid as stabilizer were evaluated. Characterization of

nanocomposite properties such as plasmon resonance band, fluorescence, and particle

morphology and size were determined. Layer-by-Layer Assembly of Cu-PAA

nanocomposites and polydiallyl dimethyl ammonium chloride (PDDA) was also

constructed. Stability of the synthesized copper-PAA nanocomposites in terms of the

disappearance of plasmon band with time was evaluated.
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CHAPTER I

INTRODUCTION

Nn.noparticles are physical systems intermediate in several aspects (number of

particles, size, properties etc.) between simple atoms and molecules on one side and bulk

solids on the other side. The advent clusters as mesoscopic stable is composed of a

number cf atoms ranging from 10 to 104 resulting to their average size up to a few

nanomete-s, so that quite often the term "nanoparticles" is used to indicate them.

(Mataccota, 1995)

Tie attractive features of metal nanocomposites open these kinds of material to a

wide variety of applications. Tunable metal-insulator transitions of metal nanoparticles

have been explored in engineering. (Sun, 2000) They also serve as a model system to

experimentally probe the effects of quantum confinement on electronic, magnetic, and

other relr.ted properties. They have been widely exploited for use in photography,

catalysis, biological labeling, photonics, optical electronics, information storage, surface

enhanced Raman Scattering, and formation of magnetic ferrofluids.(Sun,, 2002)

Preparation of nanoparticles requires a great degree of control towards the

achievement of a monodispersed product. In this matter, small variance in size of the

synthesized nanoparticles are needed to avoid rigorous size classification procedures

(centrifugal precipitation or mobility classification).(Sun, 2002) In line with this, various

methods ";ave been developed to control particle size. The method employs either spatial

condition? or kinetics of synthesis reaction. Eminent examples are use of aqueous and

non-aqueous solutions, reversed micelles, vesicles, BLMs,, surface monolayers, clay,

zeolites, ] ,angmuir-Blodgett films, peptides, and yeast cells.(de la Santa, 2000)



Control of nanoparticle size is a critical condition on metal particles for in

nanometer scale, particles have a high tendency to nucleate and grow into twinned and

multiply twinned particles (MTPs). (Sun, 2002) To prevent this agglomeration, various

method?, are being employed. The use of large organic molecules such as polymers is one

of many.

Researches and studies on metallopolymer's structural arrangement at all levels-

molecular(with regard to chemical composition of the metal-containing polymer units

metal distribution within the chain and stereochemical arrangement of the chains

themselves), supramolecular(intermolecular interactions, degree of the ordering and

packing of the macromolecules) and topological(how polymer structural units are bound

together)- are the focus of many research on metallopolymers. (Pomogailo, 1990)

The scope of this study involves synthesis and characterization of copper-PAA

nanocomposites as well as construction of its layer-by-layer assembly with PDDA.

CuSO4 and polyacrylic acid solutions are to be directly exposed to gamma radiation with 6OC0 as

source. The copper-PAA nanocomposites formed from the irradiation process are to be

characterized by the appearance of surface plasmon band on the visible spectra. The

effect 0/ the amount of copper salt and PAA are to be studied. Also, the effect of the

presence? of 2-propanol as radical scavenger and EDTA as stabilizer on the synthesis of

copper nanoparticles are to be evaluated. The surface topology and size of the

nanoparticles are to be determined by SEM. Layer-by-Layer assemblies of the

synthesized Cu-PAA nanocomposites and PDDA are to be constructed and characterized

to observe nanoparticle interactions.



Copper-PAA nanocomposites as well as other materials with the combined

advantageous properties of polymer and metal are studied for electrophotographic,

photothermoplastic, and sensor applications.



CHAPTER II

REVIEW OF RELATED LITERATURE

2.1 Effect of Radiation on Polymer

hi the context of this study, radiation would signify radiation with sufficient

energy to produce ionization. This is most likely to be gamma rays from radioactive Co

(a radioactive isotope of cobalt produced from exposing 59Co to a neutron irradiation),

from 13 Cs (recovered from fission products of uranium in nuclear reactor fuel), or

electrons from high energy beams in accelerators.(O'Donnell, 1991)

Absorption of radiation involves three processes. First, it involves high energy

photons (>4 MeV) producing an electron and a positron (pair production)which

subsequently undergo annihilation. Most energy of radiation is deposited into the

substrate by Compton scattering (ejection of a valence electron is accompanied by

deflection of the incident photon by the electron cloud around the atom). On low energy

condition, incident photon is completely absorbed by the substrate atom resulting to

ionizaticn. In result to this, radiation chemistry of photon radiation (gamma and X-rays)

is largely due to electrons. The absorbed dose was measured in electron volts (eV) per g,

then covsited to rad (equivalent to 0.01 J/kg) and to its SI unit in gray (Gy) equivalent to

1 Joule per kilogram. (O'Donnell, 1991)

Interaction of a Compton electron (produced from the first step of absorption of

radiation) with a molecule AB may proceed to either primary ionization (1) or some form

ofexcitation(2):

AB -> AB+ + e' (1)

AB -> AB* (2)



Liectrons ejected from 1 then lose its excess energy by initiation of further

ionizaticn and excitation until it reach thermal energy. This point is a major site of

neutralization of cation(3) (e.g., neutralization of metal salts) or attachment to a neutral

molecuk(4):

AB+ + e -> AB* (3)

AB + e' -» AB" (4)

Cations, if with sufficient excess energy could also decompose further by one of

the two mechanisms (5 and 6) (Guillet, 1991):

AB+ _> A+ + B (5)

AB+ -» A+ + B. + e~ (6)

Radiation is absorbed in a polymer by interaction with the valence electrons of the

atoms. (O'Donnell, 1991) In contrast to photochemistry (photons are absorbed by

specific chromophores), absorption in irradiation is non-specific and in case of polymers,

it is absorbed by both polymer and the solvent producing ions, radicals and excited states.

These species interaction formed in the polymer (direct action) and solvent (indirect

action) would result to the chemical changes in the polymer either by direct and indirect

actions respectively.

Irradiation brings about phenomenon responsible for chemical changes in the

polyme-. Energy transfer (could be mass transfer, charge transfer, excitation transfer or a

combination of these) enables molecular components present in minute amounts to be the

main si:e of chemical change. Hydrogen transfer results to movement of ionic sites and

radicals, over long distances, a process which plays an important role in polymer

crosslirking. Functional groups such as C—C double bonds, which might be in the



original polymer or formed during irradiation (by elimination of H2 or by a reduction

process), could react with radical intermediates to form secondary products. (O'Donnell,

1991) Formation of primary and secondary products increases with applied irradiation

dosage.

Crosslinking is the most important effect of polymer irradiation because it usually

improves the mechanical, thermal, chemical, environmental and radiation stabilities of

preformed parts as well as bulk materials. (Guillet, 1991) Both polymer crosslinking and

degrada'ion by chain scission occur during treatment, but one or the other of these effects

may be predominant in some materials. (Guillet, 1991)

2.2 Polyelectrolytes as Stabilizers on Formation of Nanoparticles

Nanoparticle stabilization is usually accomplished by capping the particles with

suitable surface passivating agents. The choice of the agent is very critical since it

determines the stability, reactivity and even the size and shape of the nanoparticles during

the synthesis. Therefore, one of the prerequisites for this is that capping agent forms some

sort of covalent linkage and/or binds with the nanoparticles to enhance stability. (Kapoor,

2002)

Surfactant molecules, such as polyelectrolytes have already been studied to

stabilize the liquid suspension of metallic nanoparticles. With regard to this, two

important properties of an effective polymer stabilizer are to be established - the

screening ability of the polymer towards particle interactions and its high affinity with the

solvent. The stabilization process depends upon these properties and works via either of

the twe mechanisms- the volume restriction effect and the osmotic effect. The volume

restriction effect requires the first property. In this mechanism, coulomb repulsion



between polymer chains prevents the clusters from coming easily into close contact.

(Erslov, 1998) The second property is important for the second mechanism, the osmotic

effect. An increase in concentration of polymer chains surrounding the particles results to

the tendency of the solvent to dilute the polymer molecules, separating the clusters.

(Hesselink, 1971)

I. has been shown that in condensed medium it is possible to control the size and

morphology of the particles using different capping ratio of the metal ions and the

stabilizer. (Kapoor, 2002)

2.3 Quaatum Size Effect

Long before, scientists have already recognized the significant distinction of

nano-sized particles compare to its bulk. As early as 1888, J. J. Thomson suggested that

the meltng point is dependent on the size of the material- a phenomenon known as the

thermod/namic size effect - a manifestation of the increased in importance of the surface

of the ^article when the size is decreased. Pawlow first attempted to explain the

phenomenon in 1909 and established an explanation on equilibrium temperature (melting

temperature) not far from the correct result generally accepted at present, that is, the

relative deviation of a spherical particle is inversely proportional to its size. (Mataccota,

1995)

Another remarkable effect recently observed and analyzed in terms of quantum

space confinement in indirect gap semiconductors is the enhancement of luminescence

intensity by many orders of magnitude with respect to the intensity observed or expected

in the bilk material. In this connection, a lot of attention has been devoted to the strong



photolu:ninescence signal detected in porous Si, which might have, at least partly,

quanturi origins. (Mataccota, 1995)

The aforementioned properties are just a few size dependent properties attributed

to quantum size effect. (Halperin, 1986) A changeover from a quasicontinuous to a

discrete distribution resulted to decrease in volume of the particle, with spacings

concerning conduction levels given by A« Ep/N1/3 (where Ep is the Fermi energy). If A is

comparable to some characteristic energy,(e.g. incident photons htn), the quantum effect

becomes evident(at very low temperature in particular). (Mataccota, 1995)

Two different giant resonances have been observed in metal clusters. Common in

alkali metal clusters, one resonance in order of a few eV can be explained in terms of

collective excitation of valence s electrons in the non-Coulombic effective potential

created by ion cores and electrons themselves. The second type of resonance which

concen\s the study occurs when the number of electrons is not too small (e.g., in

transition metals). The response is caused by excitations from inner closed d shell to the

Fermi level. An increase in the size of the metal clusters results to the gradual

convenience of the transition energy to the 4d binding energy. (Mataccota, 1995)

2.4 The Layer-by-Layer Concept

Techniques for handling monolayers of surfactants were developed by Agnes

Pockelt; in 1391, and Irving Langmuir and Katherine Blodgett in the 1930's. The latter

have established that compressed monolayers of surfactants could be transferred layer-

by-layer, onto solid substrates to form ultrathin stable films, now referred to as

Langm .iir-Blodgett films. (Blodgett, 1934) The potential of these molecularly organized

film has further developed and extended to larger molecules and supramolecular



assemblies such as fullerenes, polyelectrolytes, polystyrene microspheres, silylated glass

beads, ?.rd surfactant-coated metallic, semiconductor, magnetic, and ferroelectric

nanopardcles. These self-assemblies of supramolecular system can be traced from the

reported absorption of negatively charged colloidal silica onto a cationic surfactant

modified surface.(Blodgett, 1934) The negatively-charged particles adsorbed were

observed to adsorb a monoparticulate layer of positively charged colloidal particles

which then adsorbed negatively charged colloidal particles from their dispersions.

Repeated adsorptions, rinsing and drying of the negatively and positively-charged

colloida' particles result in the build-up films, consisting of the desired number of

monoparticulate layers. (Fendler, 1996)



CHAPTER III

METHODOLOGY

Materials. Reagents, and Equipments

.-. - sc'iid reagerns •« e^e of txse grade 233d were tssed -wtJfcfXS fert&s:

Polyacrylic acid from Polysciences Inc. having an average molecular -weighi oi 1, 250,

000 WES used to prepare 1.0 mg/mL PAA stock solution in H2O. Copper sulfate

pentahyirate from Aldrich was incorporated as the metal salt. Commercially available 70

% 2-propanol solution was employed in the sample preparation. 20 weight percent

aqueout polydiallyl dimethyl ammonium chloride, PDDA solution from Aldrich was

used in the LBL assembly. All stock and sample solutions were prepared with deionized

water.

A Gammabeam-651PT Co60 Irradiator at the Philippine Nuclear Research

Institute was used to irradiate sample solutions.

Photometric characterization of the samples was done using UV-3101 PC

Shimadzu UV-VIS-NIR Spectrophotometer and RF 5301 Spectrofluorometer courtesy of

Analytical Services Laboratoy. JFC Fine Coat Sputter and LEICA S440 Scanning

Electron Microscope at the Department of Mining, Metallurgical, and Materials

Engineering, UP Diliman were used for gold sputtering and determining the size and

morphology of the synthesized copper-PAA nanocomposites respectively.

3.1 Preparation of Stock and Sample Solutions

Desired amount of polyacrylic acid solid was weighed accurately and diluted to

make 1.0 mg/mL PAA stock solution. The solution was heated for hours to facilitate

10



dissolution of PAA. After the solution has cooled to room temperature, its pH was

adjusted by adding small amounts of 0.1 M NaOH until a pH of 8 is reached.

The concentrations of the sample solutions were designated in terms of X,

equivalent to the ratio of PAA (in mg/mL) to CUSO4 (in mg/mL) concentration. Aliquots

of CUSO4 stock solution with a concentration of 17.0 mg/mL were added to

corresponding volumes of PAA stock to obtain X with values 0.1, 1, 3, 5 and 9. A set of

samples designated as set 1 is prepared with varying amount of PAA. A second set was

also prepared, now with varied amount of CUSO4. Samples were also prepared to

evaluate the effect of EDTA and alcohol to the formation of copper nanoparticles.

3.2 Irradiation of Copper Sulfate-Polyacrylic Acid Solutions

Samples in centrifugal tubes were labeled properly and were sent for irradiation.

Irradiation dosages of the samples were specified. The dimensions of the container were

measured to fit the irradiator port prior to loading. A set of samples was irradiated with

varying dosage of 1.6, 3.6, 6.4 and 9.2 to optimize irradiation dosage for subsequent tests.

Subsequent samples were irradiated to receive the determined optimum dose.

3.3 Characterization of Cu-PAA Nanocomposites

3.3.1 UV-VIS Spectroscopy. Deionized water was used as blank. Each sample solutions

in 5-mL quartz cuvette was loaded in a UV-3101 PC Shimadzu UV-VIS-NIR

Spectrophotometer and scanned from 200 to 900 nm wavelength.

3.3.2 Fluorescence Spectroscopy. Samples in 5-mL quartz cuvette were loaded in a RF-

5301 Spectrofluorometer with excitation wavelength set to 350.0 nm and the emission

wavelength set from 240.0 to 560.0 nm. Appearance of broad bands was evaluated.

11



3.3.2 Scanning Electron Microscopy. A drop of colloidal copper-PAA sample solution

(sample 1.5) was spread on a thoroughly cleaned cover slip which was treated with

piranha solution. Afterwards, the sample was dried, and kept under vacuum in a

ciessicator for SEM analysis. The substrate containing the sample was coated with gold

usinn a JFC-1100 Fine Coat Sputter. SEM characterization was carried out using a

Philips XL30 FEG Scanning Electron Microscope at the National Engineering Center.

Figure 1 below shows the SEM process.

Figure 1. (a) Sputtering of sample with gold (b) Sample mounting (c) Viewing of images

3.4 I.ayer-by-Layer Growth

3.4.1 Preparing the Substrate. Glass slides (Microscope slides, Sail Brand 10) cut to

have dimensions of 1.1 cm by 4.5 cm were made thoroughly clean in a boiling piranha

solution (3:1 concentrated H2SO4-30% H2O2) for 30 minutes. They were rinse several

times with deionized water and dried in the oven for 15 min at 100°C.

3.4.2 Layer-by-Layer Process

Two sets were made using 0.1 mg/mL and 1.0 mg/mL PDDA concentration.

Alternate dipping of the glass slides were done until multilayers were formed. Three trials

of ten-layered PDDA-Cu-PAA nanocomposite were made for each set. Figure 2 below

shows the steps in the layer-by-layer process.

12



Figure 2. The layer-by-layer process. Glass slide (a) was immersed in a solution of the
poly cation, polydiallyldimethyl ammonium chloride(PDDA) for 15 minutes (b), dried using a
Biack and Decker blow dryer with cold setting, dipped in Cu-PAA solution for 15 minutes(c),
blow-dried and read in the UV spectrophotometer

3.5 Characterization of the LBL Assembly of Copper-PAA nanocomposite and
PDDA

The UV-Vis spectra of the LBL Assembly were obtained by scanning over a

wavelength range of 200 to 900 nm. A thoroughly cleaned silica glass, treated with

pirarha solution and of the same dimension as the substrate used in LBL assembly was

used as blank. The change in plasmon resonance band was monitored with each deposited

layer.

13



CHAPTER IV

RESULTS AND DISCUSSION

4.1 Irradiation of C11SO4 and PAA solutions

In contrast to metal-polymer nanocomposites in thin films, this study focused on

the synthesis of a three dimensional metal-polymer nanocomposites (metals suspended in

solution). The polymer acts as a matrix preventing oxidation and c'oalescence of the

particle; which are mainly the causes of instability and aging effects of free nanoparticle

system. (Godovski, 1994)

High-energy gamma ray irradiation from the radioactive isotope of 60Co was

applied to the samples. Radiolysis facilitated crosslinking of PAA and reduction of

CuSCV the two occurences which provides for the synthesis of copper nanoparticles.

Crosslinking is the most important radiolysis effect on the polymer for it usually

improves the physical and chemical properties of the bulk. However chain scission, a

degradative process also occurs simultaneously with crosslinking. Depending upon the

properties of the polymer used (e.g., molecular weight and presence of functional groups)

and irradiation dose, either of the two processes may predominate. A good measure

whether a polymer would favor one from the other is the G value, a term used for the

efficiency of radiochemical process. If the G value for scission exceeds G value for

crossliiiKing by a factor of 2, scission would predominate and vice versa. Appendix A

contains a list of G values for commonly used industrial polymers and the predominating

process upon irradiation. Polyacrylic acid, the polymer used in the experiment in this case

has a high crosslinking capacity, making it a suitable encapsulating agent for the

restriction of the growth of copper nanoparticles. PAA also qualified for the prerequisite

14



of capping agent- that is the capability of the polymer to form some sort of covalent

linkage and/or binds with the copper nanoparticles through the carboxyl functional group

present throughout the entire polymer chain. (Kapoor, 2002)

When diluted, PAA collapse into small spherical balls as observed by de la

Santa.(2000) The polymer chain once collapse could then be stabilized by crosslinking.

Radiolysis with gamma rays from 60Co was employed for this purpose. Hydrogen transfer

aiding radical movements to ionic sites is mainly the route responsible for crosslinking of

the PAA polymer chains.(O'Donnell, 1991) The process is expected to result to

negatively charged, spherically-shaped product, the conformation with the lowest surface

energy.

The research has incorporated the combined properties of polymer matrix when

irradiated and in the process, the simultaneous reduction of metal salt in this case, Q1SO4.

Adsorpiion of PAA on the surface of the copper particles in their nano-sizes provides a

protective layer preventing their aggregation. In the inter-particle space, the adsorbed

molecu'es were restricted in motion causing a decrease in entropy and increase in the

Gibbs free energy. (Bradley). A second effect responsible for stabilization happens when

the adsorbed molecules began to interpenetrate. This causes an osmotic repulsion as the

solvent reestablishes equilibrium by diluting the polymer molecules and separating the

particles. Polyacrylic acid aside from its surface adsorption property is adequately

solvated in water thus favoring both of the aforementioned processes.

4.2 Characterization of the Samples by UV-VIS Spectroscopy

for metal clusters, quantum size effect is manifested by a broad band in the

visible spectrum, the maximum absorption of which is dependent on the size, shape,

15



proximity of the particles, presence of adsorbate, surface composition, and dielectric

property of the solvent, (de la Santa, 2000) Ideally, a spherical particle of copper with a

diameter of 20 run has absorption maxima at 560 nm in the UV-visible spectra. This

absorption is attributed to the excitation of plasmon resonances in the confined electron

gas of the particle. (Bradley)

In the experiment, the spectra resulted to two broad bands. A band with very high

intensity was seen at wavelength range of 250-350 nm and was attributed to d-d

transitions of copper ions (high-energy forbidden transitions found at the UV region of

the spectrum) shown in Appendix E. A weaker band identified as the plasmon resonance

was found at wavelengths between 700 and 800 nm. The shifting from the ideal plasmon

band wavelength is proven possible by the Mie theory. (Bradley, 2004)

Mie theory for electromagnetic waves relates the nanoparticle size, shape,

proximicy and relative dielectric properties (compared to the surrounding medium) to the

expected spectrum. (Stepanov, 2002) The particles concerned here are particles which

constiti tes a region with refractive index (np) that differs from the refractive index of its

surroundings (nmed). This theory postulates a nanocrystallite is described by the same

complex s(X) as the bulk material. (Godovski, 2004) Below is a relevant theoretical

equation in its reduced form for the extinction cross section a, given that the particle

dimensions are less than the optical wavelength A.(Godovski, 2004):

a = (87t2a3A,) Im[(e' - l)/( e'-2)

A Mie theory calculation yields the efficiency of scattering which relates the

cross-sectional area of scattering, ^s [cm2], to the true geometrical cross-sectional area of

the panicle, A = tta2 [cm2].

16



The assigned plasmon resonance was assessed by evaluating the spectra of an

irradiated solution with X equivalent to 3 and its corresponding blank solution. Figure 3

below illustrates the spectra for blank and sample with CUSO4. Plasmon resonance band

is absent in the blank spectrum labeled A. Plasmon resonance band however appeared

appeared as a distinct smooth curve for sample with CUSO4 labeled B Hence, it can be

concluded that the band appearing at the wavelength of about 700 nm was solely due to

plasmon resonance of the copper nanoparticles and was not caused by polymer

interactions or secondary products formed from the polymer after irradiation. Knowing

this now makes it expedient to evaluate the effect of various parameters on the plasmon

band.

A - Blank

B - X = 3 Set A

fttfi

Figure 3: UV-VIS spectra of irradiated solutions of blank and sample with A = 3 Set A (Wavelength range of

spectra: 500-900 nm)

Method optimization was also done by evaluating the optimum irradiation dose.

Four samples of X = 3 Set A were prepared and subjected to irradiation dosages of 1.6,

3.6, 6.4, and 9.2. Figure 4 below illustrates the resulting spectra, labeled A, B, C, and D

for samples which had received dosages of 1.6, 3.6, 6.4, and 9.2 respectively.

17



A - 1.6 MRad

B - 3.6 MRad

C- 6.4 MRad

D - 9.2 MRad
ew-

Figure 4. UV-Vis spectra of irradiated solutions with A = 3 and varied irradiation dosage. (Wavelength
. range: 500-900 nm)

Figure 4 shows that decreasing irradiation dose also increases the intensity of the

plasmon band. However, for irradiation dosages of 1.6 (spectrum A), 3.6 (spectrum B)

and 6.4 (spectrum C), it can be observed that the plasmon bands are hardly recognizable

unlike the plasmon band corresponding to the sample irradiated with 9.2 MRad (spectrum

D). Since the experiment is highly dependable on the behavior of the plasmon band, the

latter which has the most pronounced plasmon band though with low absorption was

chosen tc be the dosage for the subsequent tests. This dosage also provides for more

efficient crosslinking which according to Clelarid et.al. require higher dosages of 5 up

tol5MRAd.

UV-Visible absorption spectra of metal nanoparticle atleast provides for an

estimation of the change of the relative size of the nanoparticle if not for the estimation of

its size. (Bradley)

4.2.1 Effect of Varying PAA Concentration
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To evaluate the effect of polymer concentration on the formation of copper

nanopar icles, a set of solution labeled as set A was prepared by varying the

concentration of PAA while keeping the metal salt concentration constant. Five solutions

with X values of 0.1, 1, 3, 5 and 9 were prepared with 2-propanol added as radical

scavenger. The sample solutions were then irradiated to obtain a total dose of 9.2 MRad.

An observable change in color of the solutions from clear to bluish solution to very light

brown solutions occurred and was attributed to the formation of copper colloids. An

illustration of Set A sample solutions before and after irradiation is shown by Figure 5

below.

Figure 5. Set A. Solutions with varied PAA concentration (a) before irradiation (b) after irradiation

Figure 6 illustrates the effect of increasing PAA concentration to the formation of

copper nanoparticles. Spectrum A, B, C, D and E refers to sample with X equivalent to

0.1,1,3,5 and 9 respectively.
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Figure 5. UV-Vis spectra of Set A with varied PAA concentration. A = 0.1,1,3,5 and 9
r (Wavelength range: 500-900 nm) TRIAL 1

Plasmon band was not observed in spectrum A which is the solution with X

equivalent to 0.1. After which, the intensities of the plasmon band increased with their X

values. It can be deduced from the trend observed that an increase in the concentration of

the polymer stabilizer increases the intensity of the plasmon resonance. This could be

explained by an increase in the area for counterions and electrons to be attracted to

facilitating adsorption of PAA on copper, (de la Santa, 2000)

4.2.2 Effect of Varying CUSO4 Concentration

A second set of five samples called set B with gamma values of 0.1, 1, 3, 5, and 9

was prepared, this case with CUSO4 concentration varied while keeping PAA

concentration constant. 2-propanol was added to the solutions to act as radical scavenger.

The s?me change in color, from bluish to light brown solutions was observed for

solutions with X values ranging from 1 to 9 as shown in Figure 6.y
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Figure 7. Set B. Solutions with varied CuSO4 concentration (a) before irradiation (b) after irradiation

The intensity of the plasmon peak measures the extent at which'copper salts were

reduced to their zero-valence state. More effective reduction and higher copper

nanopaf icle concentration will result to a more intense peak. This is indicated by the

behavior of the spectra upon increase in the initial copper sulfate concentration as shown

in figure 8, with spectrum A, B, C, D, and E corresponding to samples with X equivalent

to 0.1, 1, 3, 5, and 9. As expected, increase in CuSCVs initial concentration subsequently

resulted to an outright increase in the reduced species. However very high initial

concent .ation for CuSO4 also favors cluster formation, a result of the increase in tendency

for the jianoparticles to encounter one another. This is made evident by the formation of

brick-reel copper precipitate in sample solution with X - 0.1 (encircled sample) of figure

7b. To support this assumption, by referring again to figure 8, a very distinct shift of the

plasmor band towards the visible region was also observable indicating larger

nanoparticle size (by Mie theory).
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Figure 8. UV-Vis spectra of Set B with varied C11SO4 concentration. A = 0.1,1,3,5 and 9
(Wavelength range: 500-900 nm) TRIAL 1

4.2.3 2-Pr jpanol as Radical Scavenger

The radical scavenging function of 2-propanol is illustrated by the reactions

below (de la Rosa, 2004):

Hydroxyl radical + 2-propanol(RH)

*OH + RH -> R + H2O

It could also react with hydrogen atoms generated from radiolysis of water. It

leads to formation of alcohol radicals.

*H + RH -> R* + H2

The effect of the presence of a radical scavenger, in this case, 2-propanol on the

formation of the nanocomposites was evaluated. Samples with X (cPAA/cCuSO^) equal

to 3 were prepared with and without 2-propanol. After irradiation a noticeable bright

yellow solution was observed for the Set A solution without alcohol as illustrated by

figure 5b(encircled sample). A second trial was made and the color still appeared in the

same solution, hence the change could not be attributed to the presence of impurities in
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the sample. The unusual color was attributed to the presence of unnecessary radicals and

secondary products. Set B solution without alcohol however did not give the same color

change. Figure 9 shows the spectra obtained from the sample solutions with and without

2-proparol. Spectrum A and B correspond to samples of Set A with and without 2-

propanol respectively. Spectrum C and D on the other hand refer to samples of Set B with

and without alcohol.

A - Set A X= 3 with alcohol

B - Set AX=3 w/o alcohol

C - Set B X = 3 with alcohol

D - Set B X = 3 w/o alcohol

Figure 9. UV-Vis spectra of solutions with and without 2-propanol. Set A and B, A = 3.
(Wavelength range: 500-900 nm)

Referring to the figure above, UV-Vis spectra B and D resulted to less

pronounced and almost indistinguishable plasmon bands. On the other hand, the usual

plasmon band at 700 nm wavelength were observed on spectra A and C. From these

observations, it is justifiable to conclude that alcohol as a free radical scavenging agent

aids the formation of the copper-PAA nanocomposites.

4.2.4 EDTA as stabilizer

in literature, EDTA acting as stabilizer has been observed to favor copper

nanopaiticle formation. (Xu et.al., 1998) Ligands complexed with copper ions act as
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bridges for electron transfer from solvent to copper ions, favoring nucleation thus

formation of smaller nanoparticles. It also lowers the inhibition effect of Cu2+ which

suppresses polymer crosslinking.

A set of two samples with X equal to 1 and CuSCVEDTA mole ratio of 1:1.5 were

prepared to evaluate the effect of addition of stabilizing agent on the formation of Cu-

PAA nanocom posites. The irradiated samples resulted to the following spectra wherein

spectra labeled A and B correspond to samples with and without EDTA respectively.

A - with EDTA

B - without EDTA

Figure 10. UV-Vis spectra of solutions with and without EDTA (1:1.5 CuSO4 to EDTA mole
ratio); absorbed dose: 3.6 MRad (Wavelength range: 500-900 nm)

Spectrum A resulted to a smooth and distinct curve, though with a negative

absorbance of -0.0082. The opposite is true for spectrum B which resulted to a spectrum

with absorl ance of 0.0630 but with less pronounced peak. From the result, it could be

hypothesized that EDTA may indeed has a favorable effect on the formation of smaller

nanoparticles based upon the observation of narrower band in spectrum A, but has an

inhibiting effect on the reduction of copper ions resulting to a decrease in absorbance.
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The latter coul<; be accounted for the complexation of EDTA with copper which makes

the copper ions less available for reduction.

4.2.5 Stability of the Synthesized Copper Nanoparticles and Post-Irradiation Effects

The synthesized Cu-PAA nanoparticles are fairly stable. The spectrum obtained

from the same samples read in UV-VIS after 3 days resulted to almost the same peaks

first read as shown in Appendix B. However, a week after, sample degradation was

observed by me decrease in the intensity of the plasmon absorbance as illustrated by

figure 11 with A. values of 0.1, 1, 3, 5 and 9 labeled as spectrum A, B, C, D and E

respectively.

A

I B

C

D

h

- 0.1

- 1

- 3

- 5

- 9

>
!
I

E ,

A
B
C
D
E

- 0.1
- 1
- 3
- 5
- 9

A D
\ ^

C

1

B

TD.O

Figure 1 i. UV-Vis spectra of Set A with varied PAA concentration read a week after samples were
received. A = 0.1,1,3,5 and 9. (Wavelength range: 500-900 nm) TRIAL 1 The inset shows the UV-Vis
spectra of the same samples with the same wavelength range read on the day samples were received.

Table 1 below tabulates the wavelengths and absorbances of the spectra illustrated

in figure 10 .
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Table 1. Tabu I; ted surface plasmon band wavelengths and absorbances read the day samples
were received rind 1 week after

Set A

0.1
1
3
5
9

°lasmon
Band

Wavelength

765.5
711

810.5
774.5
716

Surface Plasmon Band
Absorbance Measured

After Samples were
Received
0.0131
0.037
0.0355
0.0409
0.0453

Plasmon
Band

Wavelength

794
726
811
778
799

Surface Plasmon Band
Absorbance Measured

After 1 Week

0.0087
0.0126
0.0154
0.0167
0.0226

Evaluating the table above, a decrease in absorbance with respect to time was

observed for all samples. A shift to longer wavelengths is also observed for all samples,

indicating aggregation of the copper nanoparticles. These two observations could be

attributed to the post-irradiation effects (chemical reactions occurring after irradiation)

which usually bring about degradation of the irradiated products. They are due to radicals

trapped in Irradiated polymers which react after a certain period of time. The rate of

reaction of' iese radicals is dependent on its reactivity, on the mobility of the matrix, and

diffusion oi oxygen into the sample. More often, oxidative reactions are degradative and

lead to deterioration of mechanical properties of the product. Oxygen readily forms

peroxy species with radicals and enhances radiation degradation of most polymers by

making chain scission dominate over cross-linking and oxidizing the copper particles to

their charged form. (O'Donnell, 1991) Ineffective crosslinking or failure to have the

collapsed form of the polymer solutions would have less effective shielding, increasing

the tendency to form larger clusters. Degradation of samples was observed by the

formation of colloidal blue precipitate in solutions a week after irradiation which is

indicative of copper oxidizing back to its divalent form.

4.2.6 Lay r-by-Layer Assembly
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An rssembly of copper-PAA nanocomposites was constructed using the layer-by-

layer approach to control coupling of the nanoparticles. To facilitate binding of the

negatively-^ barged copper-PAA nanocomposite to the solid substrate which is also

negatively charged, a cationic binding polymer, polydiallyl dimethyl ammonium chloride

(PDDA) was used. The plasmon resonance bands were not visible in the UV-Visible

spectra as shown in figure 11, so that evaluation of the particle interactions which

according to Malikova (2002) is mainly dependent to the interparticle separation of

adjacent layers, was not possible. With this, the observation was restricted by solely

observing he overall increase in absorbance of the spectra.

Fif-ure 12 shows the spectra for each deposition done on the constructed LBL

assembly of Cu-PAA and PDDA. Layers 1, 2, 3, 4, 5, 6, 7, 8, 9, and 10 were labeled

spectrum A, B, C, D, E, F, G, H, I, J and K respectively.

0.100

0.05O;

mmmsm
9030

Figure 12. UV-Vis spectra of the Layer-by-Layer Assembly of PDDA (0.1 mg/mL)-Copper
polyacrylate nanocomposite (sample 1.5) TRIAL 2 (Wavelength Range: 200-900)
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From the UV-Vis spectra of layered PDDA-Copper PAA nanocomposites, Cu-

PAA concentration was observed from layer 1 to layer 8 as indicated by an increase in

absorbance observed from spectrum A to I . However degradation might have occurred in

the nanocomposites for in layers 9 and 10, absorbance had decreased as shown in

spectrum J and K. The experiment also evaluated the effect of using higher concentration

of PDDA. The resulting spectra indicate increased absorbance of each layer due to

improved adsorption of copper-PAA. (See Appendix C)

4.3 Fluorescence Spectra of Cu-PAA Nanocomposites

The fluorescence spectra of the synthesized nanocomposites were also obtained.

Narrow peaks at 261.0 nm were observed and attributed to noise. However, broad bands

which could be a sign of fluorescence were not observable. The obtained fluorescence

spectra were illustrated at Appendix D.

4.4 Structural Properties of Copper Nanoparticles

Scanning Electron Microscopy (SEM) was employed to determine the size, shape

and composition of the synthesized copper nanoparticles. A drop of suitably diluted Cu-

PAA soluion with X equal to 9 of Set A was air dried onto a cover slip. For the metallo-

polymer colloidal solution, the polymer was observed to form a thin transparent film after

drying. Sample was then sputtered with gold to make it conductive, a requirement for

SEM.

Images were obtained by scanning an electron probe on the sample. The image

of the sanple with 40,000x magnification is illustrated in figure 13. The light-colored

elliptical rods in figure 13b were identified as polyacrylate molecules in the Cu-PAA

nanocom posite solution. The darker areas were assumed to correspond to the copper
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nanoparticles. The obtained images do not permit for the measurement of the size of the

copper nanop; articles. Formation of polymer spheres was also not observed.

The possibility of sample degradation (e.g., chain scission dominating

crosslinking) which lead to aggregation of the copper nanoparticles may be a factor why

polymer spheres were not observed in the SEM micrographs. This severe aggregation of

the copper nrnoparticles may have made even individual clusters unidentifiable.

Figure 13 a. SEM micrograph of Cu-Polyacrylate nanocomposite (Sample 1.5) at 40, 000 X
magn;ficat:on. b. Zoomed image of the polymer rods that are uniformly distributed on the surface.
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CHAPTER V

CONCLUSION

The effects of changing various parameters on the synthesis of copper

polyacrylate nanocomposites were evaluated. The plasmon resonance band observed at

the UV-Vis spectra within the wavelength range 700-800 nm was the basis for

comparison An increase concentration of the polyelectrolyte caused an increase in the

intensity of the plasmon resonance band. This is attributed to the increase in area for

counter ions to be attracted to. As expected, increasing copper sulfate's initial

concentration would subsequently cause an increase in concentration of the reduced

species resulting to more intense peaks. Samples without 2-propanol were observed to

have spectra with distorted bands and reduced intensity due to the presence of primary

and secondary products from irradiation. The addition of EDTA inhibited the reduction

of copper ions which is accounted to the formation of copper-EDTA complex. The

synthesized copper nanoparticles were relatively stable and not until after a week was

degradation observed. The SEM micrograph of the Cu-PAA nanocomposite did nô t

allowed measurement of the particle size. This is due to the low magnification used in the

imaging of the samples, Elliptal light colored rods of PAA molecules were the only

componenf clearly visible on the SEM image.
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APPENDICES

APPENDIX A

Table 1. G-Values for Crosslinking and Chain Scission in Common Polymeric Materials

Polymeric
Materia,

Low Densiiy Polyethylene
High Density Polyethylene
Polyvinylicene Fluoride
Polymethyl 'nethacrylate
Polymethy] i.crylate
Nylon 6
Nylon 6,6
Polyvinyla'-etate
Atactic Polypropylene
Isotactic Polypropylene
Polystyrene
Natural Rubber
Polybutadiene
Polytetrafh oroethylene
Polyisobutylene
Cellulose

Crosslinking
G(X)

0.8-1.1
0.5-1.1
1.00
0.5
0.5
0.67
0.50
0.30
0.27
0.16
0.019-0.051
1.05
5.3
0.1-0.3
0.5
(low)

Scission
G(S) G(S)/G(X)

0.4-0.5
0.4-0.5
0.30
0.77
0.04
0.68
0.70
0.07
0.22
0.24
0.0094-0.019
0.1 -0.2
0.53
3.0-5.0
5
11

Ratio

0.47
0.56

'0.30
1.54
0.07
1.01
1.40
0.23
0.81
1.50
0.41
0.14
0.10
20
10
(high)

Table 2. Radiation Characteristics of Generic Polymers

Mainly Crosslinking Main,y S d s s i o n

Polyethylene " Polyisobutylene

Polyacrylates Polymetacrylates

Polyvinyl chloride PolymethyIstyrene

Polysiloxanes Polymethacrylamides

Polyamides Polyvinylidene chloride

Polystyrene Polytetrafluoroethylene

Polyacrylamide Polypropylene ether

Ethylene vinyl acetate Cellulose
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APPENDIX B

Figurel. UV-Vis spectra of solutions with varying concentration of PAA - initial reading.
(Wavelength range: 500-900 nm) TRIAL 2
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Wavelength (nm.)

300.0

Figure2. UV-Vis spectra of solutions with varying concentration of PAA - read three days after
samples were received. (Wavelength range: 500-900 nm) TRIAL 2
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APPENDIX C

Figure 1. UV-Vis spectra of the Layer-by-Layer Assembly of PDDA (1.0 mg/mL)-Copper
polyacrylate nanocomposite (Sef A A = 9); Wavelength range: 200-900. Absorbance limit: 0-0.200

0.230,,

C E O *
i t 0.0 55O.0

Wavetengih (nm.)
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APPENDIX D

Figure 1. Fluorescence spectra of Irradiated Sample Solutions SET A
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Figure 2. Fluorescence spectra of Irradiated Sample Solutions SET B
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APPENDIX E
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Figure 1. UV-Vis spectra of irradiated solutions of Set -varied PAA concentration with A's equivalent
to 0.1,1, 3, 5 and 9 (Trial 1). (Wavelength range: 200-500 nm)

5.000,

2 500

350.0
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500. D

Figu-e 2. UV-Vis spectra of irradiated solutions of Set B-varied CuSCU concentration with A's
equivalent to 0.1,1, 3,5 and 9 (Trial 1). (Wavelength range: 200-500 nm)
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