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PULSED  LASER  ABLATION

Formation and Characterization of BPSCCO Superconductor 
Nanoparticles by Pulsed Laser Ablation in Liquid

Mustafa Q. AL-Habeeb 

ABSTRACT
Objective: Bi1.7Pb0.3Sr2Ca2Cu3O10+δ superconductor nanoparticles are synthesized by pulsed 1064 nm Nd:YAG laser in both 

deionized water and ethanol. 
Methods: The effects of the surrounding liquid environment on the ceramic compounds were investigated as a method of 

synthesis of a quick check and the ability to prepare complex compositions even in the nano-scale. XRD pattern of the as-synthe-
sized BPSCCO nanoparticles in the deionized water and ethanol is deposition on Si substrate was prepared. A plasmon absorp-
tion characteristics observation TEM and SEM was used to characterize particle size with the shape and the EDX analysis 
works as an integrated feature of the SEM. 

Results and Discussion: The original materials of the phase and stoichiometries are preserved while the sizes were reduced 
down to 13 nm. Nano Bi(Pb)-2223 in ethanol showed the average size at 8 nm it is the best size of distributor in the liquid, while 
the solution of colloidal was stable. But deionized water was distributed a fairly tight size while an average volume at 12 nm, 
with growth, aggregation, and precipitation mechanisms was observed widely. In deionized water, and ethanol, the maximum 
wavelengths absorption spectra are (961 and 576) nm respectively, this is due to the increase in nanoparticles size.
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INTRODUCTION

Attracts pulsed laser ablation a lot of attention in the past decenni-
um; the particle generation was used during the PLA to produce nano-
size clusters with unparal leled physicochemical propert ies . 
Subsequently, understood the basic mechanisms of particle generation 
in the LA process is crucial for pulsed laser attach with applications1,2). It 
fascinates with several advantages over others synthesis methods 
including (i) large number of available ablation parameters to controlled 
size and shape of NPs, (ii) capability to produce nanomaterials of 
desired chemical composition, and (iii) NPs having surfaces free from 
chemical contamination. The composition of the target materials and 
laser pulse energy that used in the ablation of the solution affect the 
size, shape, composition and degree of aggregation/agglomeration3).

Attracted the synthesis process of bi-metal particles from the 
well-defined structures (such as infrastructure or multi-layer structures, 
hollow structures, heterogeneous and alloys) great interest because they 
show multiple functions and characteristics of the catalyst and distinc-
tive magnetic and photonic properties4). This method has shown a quick-
er, purely green, and the ability to manufacture a wide variety of crys-
tals nanoparticles including metal nanoparticles (Au, Ag, Pt, Ti, Pd, Cu 
and their alloys)5-7), semiconductors nanocrystals (GaAs, CdS and ZnO)8-

10) and the some insulator nanocrystals of more lately, such as: (TiO2, 
SnO2,11) Eu2O3, CeO2, LiCoO3, CeTbO3

12,13)) and Luminescent nanomate-
rials (Y2O3: Eu+3, Tb+3, Tm+3, Er+3, and Yb+3)14). Another characteristic of 
this processing is the ability to anesthetize material concentrations are 
very high by adding some additional elements to the solution3,14).

The lattice of oxide was confirmed to be an premium steward mate-
rial for some of the strongest lasers. Therefore, Bi1.7Pb0.3Sr2Ca2Cu3O10+δ 
superconductor is characterized by high-phonon frequencies which 

make a wide transmission region from 200 to 960 nm. We focused our 
work on present a new method for fast and easy production of nanopar-
ticles from ceramic metal for Bi(Pb)-2223 bulk immersed in the liquid 
(deionized water or ethanol) and the mixed chemical / physical method 
based on PLA of the targets. The fabricated nanoparticles were distin-
guished by the use of the ultraviolet visible spectrophotometer to 
observe changes the properties of plasmon absorption and transmission 
electron microscopy (TEM).

EXPERIMENTAL

The setup of experimental for nanoparticles is formation in PLA. 
Bi(Pb)-2223 target for PLA that have been prepared by solid state reac-
tion techniques for the polycrystalline Bi1.7Pb0.3Sr2Ca2Cu3O10+δ. This is the 
use of highly purified powders (99.999%) Bi2O3, Pb3O4, Sr(NO3)2, CaO 
and CuO as starting materials and in proportion to their molecular 
weights. The mixture was calcined in the air after put on grounded to a 
fine powder by using a tubular oven at (810)℃ for 24 hour with a rate 
of (2)℃/min. Then, the mixture was pressed into the pellets diameter of 
(13) mm, and thickness at (2-3) mm, it is using a hydraulic pressure 
type (SPECAC) under a pressure of (0.7) GPa, and is sintering pellets at 
(845)℃ for 140 hours. The laser application with a lens (120) mm focal 
length was used to reach high laser fluence (15.9) J/cm2. The better 
intensity of color and the properties of Bi(Pb)-2223 superconductor NPs 
in this work were found at the following parameters: concentrated ener-
gy of (600) mJ/pulse and (1064) nm Nd: YAG laser, and number of 
pulses the applied of metal target at (200) pulses. The targets were 
placed at the bottom of a (10) ml beaker and covered by (5) ml of liquid, 
the distance between the laser lens and the liquid surface (6) cm. 
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Thin films were prepared with sediment nanoparticles solutions on 
p-type, Si (111) substrate by dropping method, which is dripping of the 
prepared solution on the substrate until solution dry in order to obtain 
homogeneity for films, the substrate is placed on a hot surface or oven 
at temperature range (40 - 50)℃ and the annealing films grown at 
(800)℃ for (1.5) hour, with a rate of (5)℃/min. The process of measur-
ing the thickness of the thin films by the system interference fringes of 
equal thickness arise separated by λ/2 when the wavelength (632.8) nm 
of He-Ne Laser is used as the monochromatic light. The samples were 
then examined using by X-ray diffraction (Shimadzu-6000, with Cu-Kα 
source). The electrical resistivity of the prepared pure and thin films 
samples was measured by four-point probe DC method from room tem-
perature descending to the zero by closed refrigerated refrigeration sys-
tem employ nitrogen gas as a working medium to determine the critical 
temperature (Tc). The spectra were recorded extinction of solutions on 
the spectrometer UV type UV-1800/Shimadzu (Japan). It was examined 
NPs by electronic transmission microscope (TEM) type (FEI Titan 
80-300) in a high-resolution mode. Film surface morphology was per-
formed by scanning electron microscope (SEM), and energy dispersion 
X-ray analysis (EDX) implemented by (FEI Co. system SN: 9922650-
2013/ Holland).

RESULTS  AND  DISCUSSION

XRD pattern of the as-synthesized Bi(Pb)-2223 of the bulk sample 
and in both deionized water and ethanol is shown in Figure 1. The dif-
fractogram for Bi(Pb)-2223 NPs indicates four distinct diffraction peaks 
at 5.74°, 28.49°, 38.85° and 43.96°, which correspond to (002), (0012), 
(0016) and (0018) crystalline planes, respectively and centered struc-
tures having lattice parameters Bi(Pb)-2223 in bulk a = 5.452 Å, b = 
5.419 Å, c = 37.052 Å, water: a = 5.449 Å, b = 4.673 Å, c = 37.264 Å 
and lattice parameters in ethanol: a = 4.733 Å, b = 5.793 Å, c = 37.029 
Å, when the thickness of thin films about ~195 ± 5 nm.

The XRD patterns indicate that the two samples of Bi(Pb)-2223 
nanoparticles are well-crystallized and have an orthorhombic structure, 

i.e. the peaks belonging to the (H)Bi-2223 phase of dominant were 
indexed in relation to the orthopedic unit cell with lattice parameters a, 
b and c. It is stacking faults along the c-axis because associated for the 
appearance of more than two phases15). EDX spectra of pure sample are 
clear harmonies levels between the elements of the composite. These 
values are homogeneous valuable amount of the presence of elements of 
the compound BPSCCO pure and the qualitative and quantitative rat 
values are clear, as in Figure 2. From the EDX spectrum, the six domi-
nant peak positions at 0.85 keV, 1.8 keV, 2.4 keV, 3.6 keV, 8.1 keV, 10.5 
keV, 10.8 KeV and 14.2 KeV correspond quite well to the energy pat-
tern of the corresponding materials (Ca, Sr, Bi, Cu and Pb) reported in 
the EDX chart, giving the evidence that Ca, Bi, Sr, Cu and Pb are domi-
nant in BPSCCO sample. The EDX analysis indicates the presence of 
the elements existing in the sample and it agrees with the stoichiometric 
of the prepared compound. A strong overlapping of many peaks makes 
difficulties in determination of the quantitative elements. It is obvious 
that the sample is not contaminated during the synthesis process. 

The D.C. e lectr ical res is tance reveals the res is t ivi ty of 
Bi1.7Pb0.3Sr2Ca2Cu3O10 in a temperature range of (T0 ≤ T ≤ 300) K. Figure 
3, shows the value of the critical temperature (Tc) of the BPSCCO sam-
ple. It can be observed that a pseudo-transition which precedes the actu-
al onset to zero resistivity take place at a temperature of ~ 110 K, that 
indicates the presence of Bi-2223 phase, as shown in the bulk sample, 
but BPSCCO in ethanol thin film at a temperature of ~ 100 K. 

These samples has a metallic behavior with positive temperature 
coefficient of resistance, above the Tc. It reflects the spin-charge separa-
tion in CuO2-planes, produced in the longitudinal relaxation transfer 
rate. This distinguishes the superconducting thermodynamic fluctuation 
that occurs at finite temperatures range above Tc because the appearance 
of Cooper pairs above the critical temperature. Whereas, BPSCCO in 
water thin film show a semiconductor behavior. 

The nanoparticles solutions produced by LPA of Bi(Pb)-2223 the 
target is immersed in deionized water and in ethanol, exposed by 200 
laser pulses, with laser energy of (600) mJ/pulse, and laser spot size at 
(1.22) mm, at a laser wavelength of (1064) nm. The color of the solution 
was changed and the intensity was increased when presented in laser 
shots, showing colloidal formation Bi(Pb)-2223 NPs. In this experiment 
the color of produced nanoparticles solution was changing from (milky) 
in deionized water to (light-black) in ethanol corresponding to liquids 
environment. The interesting optical color is attributed to the formation 
of nanoparticles as they scatter bright intense colors. When the electro-
magnetic light interacts with nanoparticles solution and the free elec-
trons of metallic nanoparticles undergo collective vibration with regard 
to the positive metal nanoparticles. This resonant process is called the 
surface plasmon resonance (SPR). This can be visualized electronic 
oscillators simply when a photon is pent to the small size for structure 
of the nano-structure.

Laser ablation of Bi(Pb)-2223 superconductor in the optical spectra 
of liquid (deionized water and ethanol) ambient at room temperature 
using laser pulses led to the formation of Bi(Pb)-2223 NPs. The spectra 
show distinct absorption bands with peaks located and this has been 
demonstrated by the presence of SPE for water at a range of (955-965) 
nm, as in Figure 4 (a). But the presence of the band concentrated SPE 
for ethanol at about (570-580) nm, as shown in Figure 4 (b). Above the 
fluence threshold, the event ablation and composition of nanoparticles 

Figure 1. X-Ray diffraction patterns of Bi(Pb) 223 for the bulk 
sample and Bi(Pb)-2223 NPs in deionized water and 
ethanol, thin film samples after annealing at 800℃ on a 
Si (111) substrate.

Figure 2. EDX spectra of the Bi(Pb)-2223 grains for bulk sample.

Figure 3. ρ-T plots of Bi1.7Pb0.3Sr2Ca2Cu3O10 bulk and in liquid of 
the thin films.
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to the wavelength of the laser beam of 1064 nm. Therefore, the case of 
PLA of Bi(Pb)-2223 immersed in ethanol is more efficient than in water. 
However, Bismuth-based high-temperature superconductor colloids of 
the peak position at (961 and 576) nm in water and ethanol, respective-
ly. The absorption spectra of solutions were show broad absorption 
through the ranges of UV rays and visible rays. The water solution was 
milky color compared with the solution ethanol. These are results varia-
tion of the absorption spectra of Bi(Pb)-2223 NPs caused by sedimenta-
tion of the nano-particles observed, the during period ~12 days. 

In the case of Bi(Pb)-2223 ablated in deionized water the absorption 
spectra and nanoparticle size apportionment stayed constant, it is 
because the more viscosity of the host substance from the ethanol. This 
is observed an inhomogeneous distribution in Bi(Pb)-2223 NPs in water 
from large blocks structures between a range of (0.5 - 10) μm. 
Therefore, the spectral analysis was based. It is plausible to inference 
which is leading for multimetallic (composite) or bimetallic are formed, 
as indicated by Tarasenko et al.7).

In the ambient temperature is being similar for the solubility of (O+2) 
in primary alcohols. But, they are the greater in methanol and ethanol 
when increasing number of carbons is a slight decreasing trend is 
obtains. That is may be more decreased plasmon band intensity in O2 
solution due to the formation a surface oxide layer that depends on the 
concentration of dissolved O2, which may prevent the growth of parti-
cles. The yield of nanoparticles size is reduced due to the behavior of 
oxygen molecules. As for the replacement of H by (C2H5OH) in the sol-
vents, that efficiency of the solvents is depends on reduced electron 
scavenging and increase the productivity of nanoparticles size by an 
improvement the re-installation of ejected electrons with ablated frag-
ments (cations)16). The dissolution of hydrogen with these elements and 
the absence of the regularity topical in BPSCCO superconductor, with 
the presence of impurities such as Pb+2 in the crystalline lattice, leads to 
the UV spectrum of the samples prepared in ethanol17).

Figures 5 shows TEM images micrograph of Bi(Pb)-2223 nanopar-
ticles of BPSCCO pellet immersed in water and ethanol are having the 
particle size range was (4- 12) nm and (2 - 8) nm for smaller nanoparti-
cles and there were also bigger nanoparticles present with sizes approxi-
mately (20 - 60) nm and (10 - 60) nm, respectively. Therefore, this is 
results the concentration of solutions increasing was occurred when 
decreasing the average diameter.

The products are made up of almost spherical particles shape (i.e. 
perfectly round) for water and there were some regions in each image 
that were heavily agglomerated, as in Figure 5 (a). But, the ethanol is 
showing round-like nanoparticles, as in Figure 5 (b). This is because the 
when the atoms and ionized species incorporate to form nanoparticles 

the sphere is the shape with the least surface energy. It is in prospect the 
size apportionment and the nanoparticles stability may critically depen-
dent on the properties of surface energy14,18). Bright polycrystalline dif-
fraction rings and the lattice spacing derived from the diffraction rings 
are in agreement with the structure of Bi(Pb)-2223 nanoparticles crys-
tals in water and ethanol solutions, which reported in the published arti-
cles3,6,7.19).

However, the plasma formation in these solutions it creates cavities 
bubble that is expanding and then collapse, but may be not happen the 
collapse for some bubbles, as in the water case, due to the nanoparticles 
was reached to the critical size and cohesion, remains between water 
and superconductor particles in the cooling state, the small of aggre-
gates and crumbs from atoms resulted were scattered in solution. It 
attracts these small parts of each other in the solution to grow the 
nanoparticles, due to weak homogeneity between them. The average 
size of the nanoparticles in this region is begins to increase once again 
[see Figure 5 (a)]. Whereas, the decrease in average size at Bi(Pb)-2223 
NPs, it could assigned to the great energy that excited for Bi(Pb)-2223 
NPs in ethanol solutions. Photon energy is easily transferred to the inner 
patterns of nanoparticles through the laser pulse when the temperature 
rises so dramatically that the nanoparticles begin to fragment, this is 
compatible with reported by Imam et al20).

The hydrodynamic size of the particles in solution showed that 
these aggregates sizes in the range between off (100 to 300) nm21), it is 
consistent with the results of the values of aggregates by TEM.

SEM photographs of the pure Bi(Pb)-2223 thin films are shown in 
Figures 6 (a -b). The morphology of the coating consists of range (0.5-
5) μm for grain-like and plate-like particles, respectively. The morphol-
ogy of the grain-like suggests that they may be a result of distilling on 
the substrate. More pores seen in the films annealed, especially Bi(Pb)-
2223 NPs in water, indicate that the evaporation and decomposition of 
carbonates occurred during the reaction22). Silica films of Bi(Pb)-2223 
were synthesized via PLA route in order to produce in liquid with a uni-
form distribution of Bi(Pb)-2223 nanoparticles in ethanol solution.

Image of SEM product Bi (Pb)-2223 NPs shown in Figure 5 (b) pro-
poses that their obvious size was in the range (2-8) nm. SEM images 
show also the presence of a large number of very small particles, with 
dimensions lower than 10 nm and thus confirming the fragmentation 
phenomenon that discussed in TEM. But, the Bi(Pb)-2223 NPs is simple 
in terms of the homogeneity of the solution with water [fig. 6 (a)], as 
well as creating the coagulation and agglomeration, as is evident in TEM 
image, which is causing an increase of the final particle size. This is 
problem in getting the number and size particles and appropriate in solu-
tion. It was never affected by oxygen or hydrogen contents promote tem-
poral flocculation or irreversible aggregation of the produce nanoparti-
cles in water. This behavior is in agreement with Kawasaki et al23).

SPE was found to have fewer samples produced in ethanol than 
water. "A decrease in SPE indicates a decrease in abundant particles in 
the solution. Consequently, this means efficiency of the ablation in etha-
nol less. After conjugation of pulse energy to the target surface, very 
high temperature plasma types were created. The evaporate in the inter-
face when thin layer of solution is evaporating of the ablated area to a 
high temperature which much exceeding the boiling point and a high 
pressure for dozens the atmospheric of orders. Thermal conductivity of 
ethanol (0.17) W/mK at (25)℃, It's much smaller than water at (0.60) 
W/mK at (25)℃, as denoted by Chen et al.24). Ethanol solution can be 
degrading to constitute permanent gases. The generated of lasting gases 

Figure 4. UV-vis spectra of Bi(Pb)-2223 NPs phase in a) deion-
ized water and b) ethanol by pulsed laser ablation. Figure 5. TEM Micrograph of Bi(Pb)-2223 NPs phase immersed 

in a) deionized water is showing heavily agglomerated 
with nearly spherical shape, but b) the ethanol is show-
ing round-like nanoparticles.

Figure 6. SEM Micrographs of Bi(Pb) 223 NPs phase immersed 
in a) deionized water, and b) the ethanol, thin film sam-
ples after annealing films grown at 800℃ on a Si sub-
strate.
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in total ethanol solution to bubbles which can be seen from through LA. 
Gas bubbles in the path of the LA beam in the collection with plasma 
melting and NPs molecules that formed in previous pulses that causes of 
laser light pulses is weaken which pairs to the target. The generation of 
nanoparticles decreases the concentration of nanoparticle for the less. It 
proposes that there is no oxidation under the safeguard of the ethanol 
solution. So, it is proposal that ethanol be an ideal alternative to water 
for the manufacture of pure colloidal minerals, such result is in agree-
ment with this reported by Ali18). This supports our findings, that ethanol 
gave the preference in harmony with the ceramic BPSCCO composite.

CONCLUSION

This paper reports on the Bi(Pb)-2223 nanoparticles can be prepared 
in liquid using pulsed laser deposition technique. The obtained results 
indicate that increasing the particle size of Bi(Pb)-2223 nanoparticles in 
water with laser fluence. However, for the particles of Bi(Pb)-2223 in 
ethanol, the degree of spherical particles formation and rate of agglom-
eration/aggregation get decreased with increased laser fluence. Higher 
concentration of Bi(Pb)-2223 NPs in water with larger sized particles 
demonstrates the dominance of bulk phenomenon over surface defects 
and coherence remain between the water and superconductor particles. 
In general, all these results further confirm the success of this novel 
technique in forming nanoparticles in ceramic colloids. 

The NPs can be deposited with homogeneity and efficiency on Si 
substrate, and when the dispersed in ethanol the laser ablation portion to 
(10 nm or less) nanoparticles is well protected from aggregation without 
any other stabilizing factors. This does not represent the upper limit in 
any way and can be improved by optimizing the solutions and deposi-
tion methods. The results obtained are expected to the discovery of 
applications in the modified properties for the installation of new mate-
rials, in electronics manufacturing, solar cell and efficiency in medicine 
to prepare existing investigations on nanoparticles with large possibility 
for diathesis, imaging, treatment of different diseases, etc.

REFERENCES

 1) N.V. Tarasenko and A.V. Butsen, "Laser synthesis and modiécation of composite 
nanoparticles in liquids", Quantum Electronics 40(11), Kvantovaya Elektronika and 
Turpion Ltd, pp: 986-1003. (2010)

 2) C. Brechignac, P. Houdy and M. Lahmani, "Nanomaterials and Nanochemistry", 
Springer-Verlag Berlin Heidelberg, New York, (2007)

 3) Abhishek Shukla, S. C. Singh, B. K. Pandey, K. N. Uttam, "Liquid-assisted pulsed 
laser ablation synthesized titanium ferrite nanoparticles: Structural, optical and mag-
netic properties", J. Shah, R. K. Kotnala and R. Gopal, Adv. Mater. Lett., 6 (12), pp: 
1066-1072. (2015)

 4) Zaneta Swiatkowska-Warkocka, Alexander Pyatenko, Franciszek Krok, Benedykt R. 
Jany and Marta Marszalek, "Synthesis of new metastable nanoalloys of immiscible 
metals with a pulse laser technique", Sci. Rep. 5, 9849. DOI: 10.1038/srep09849.
(2015)

 5) A.V. Simakin, V.V. Voronov, N.A. Kirichenko and G.A. Shafeev, "Nanoparticles pro-
duced by laser ablation of solids in liquid environment", Appl. Phys. A 79, pp: 1127 
132. (2004)

 6) M.I. Mendivil, S. Shaji, G.A. Castillo and B. Krishnan, "Transmission electron micro-

scopic studies on noble metal nanoparticles synthesized by pulsed laser ablation in liq-
uid", Microscopy advances in scientific research and education (A Mendez-Vilas, Ed), 
pp: 911-90. (2014)

 7) N.V. Tarasenko, V.S. Burakov, and A.V. Butsen, "Laser Ablation PlasmasL in LiquidsI 
for Fabrication of Nanoparticles", J. Puric, N. Milovanovie Publ. Astron. Obs. 
Belgrade, No. 82, pp: 201-211. (2007)

 8) R.A. Ganeev, M. Baba, A.I. Ryasnyansky, M. Suzuki and H. Kuroda, "Laser ablation of 
GaAs in liquids: Structural, optical, and nonlinear optical characteristics of colloidal 
solutions", Appl. Phys. B 80, pp: 595 01. DOI: 10.1007/s00340-004-1734-9. (2005)

 9) Ahmed N. Abd, Raid A. Ismail and Nadir F. Habubi, "Characterization of CdS 
nanoparticles prepared by laser ablation in methanol", J Mater Sci: Mater Electron, 
Springer Science + Business Media New York. DOI: 10.1007/s10854-015-3660-5. 
(2015)

 10) S. Anastasiia, S. Valery, L. Ivan, G. Daria and N. Anna, "ZnO Nanoparticles Obtained by 
Pulsed Laser Ablation as an Antibacteral Agent", Brno, Czech Republic, EU. (2015)

 11) Sasaki T., Liang C., Nichols W. T., Shimizu Y. and Koshizaki N., "Fabrication of oxide 
base nanostructures using pulsed laser ablation in aqueous solutions", Appl. Phys. A: 
Mater. Sci. Process. 79, pp: 1489-1492. (2004)

 12) Zhang W., Zhang Y., Tang J., Zhang Y., Wang L. and Linghang Q., "Study on prepara-
tion and optic properties of nano europium oxide-ethanol sol by pulsed laser ablation", 
Thin Solid Films 417, pp: 43-46. (2002)

 13) An W. W., Miao J. P. and Zhang Z. G., "Effect of laser intensity on synthesis of solid 
solution CeTbO3+δ in the liquid induced by Nd:YAG laser irradiation", Chem. Phys. 
Lett. 423, pp: 386-389. (2006)

 14) TranKim Anh, Paul Benalloul, Charles Barthou, Lam thiKieu Giang, Nguyen Vu, and 
LeQuoc Minh, "Luminescence, Energy Transfer, and Upconversion Mechanisms of  
Y2O3 Nanomaterials Doped with Eu3+, Tb3+, Tm3+, Er3+, and Yb3+ Ions" Journal of 
Nanomaterials, Article ID 48247, 10 pages. DOI: 10.1155/2007/48247. (2007)

 15) S.A. Saleh, "Studies on sintering effect on the structural and transport properties of 
(2223) phase", Elsevier B.V., Physica C 444, pp: 40-44, (2006)

 16) Daniel Werner, Shuichi Hashimoto, Takuro Tomita, Shigeki Matsuo, and Yoji Makita, 
"Examination of Silver Nanoparticle Fabrication by Pulsed-Laser Ablation of Flakes 
in Primary Alcohols", J. Phys. Chem. C, 112, American Chemical Society, pp: 1321-
1329. (2008)

 17) Eric R. Scerri, "The Periodic Table: A Very Short Introduction", 1st Edition, Oxford, 
New York, ISBN-13: 978-0199582495, pp: 84-97. (2011)

 18) A. K. Ali, "Preparation of Ag and Au Nanoparticles by Pulsed Laser Ablation in 
Liquids", the School of Applied Sciences, University of Technology, Iraq, Baghdad. 
(2010)

 19) Juan Carlos Moreno PirajA !n, "Thermodynamics - Interaction Studies - Solids, Liquids 
and Gases", Publisher InTech, pp: 123-146. (2011)

 20) Hisham Imam1, Khaled Elsayed2, Mohamed A. Ahmed2, Rania Ramdan, "Effect of 
Experimental Parameters on the Fabrication of Gold Nanoparticles via Laser 
Ablation", Optics and Photonics Journal, 2, SciRes., pp: 73-84. (2012)

 21) G Ledoux, D Amans, C Dujardin and K Masenelli-Varlot, "Facile and rapid synthesis of 
highly luminescent nanoparticles via Pulsed Laser Ablation in Liquid", Laboratoire de 
Physico-Chimie des Matériaux Luminescents, Université de Lyon, France, pp: 1-15.
(2009)

 22) HORNG-Show Koo and Tseung-Yuen Tseng, "Preparation and characteristics of Bi-Pb-
Sr-Ca-Cu-O superconducting films by spray pyrolysis and post-annealing", Elsevier, 
Materials Chemistry and Physics 56, pp: 226-235. (1998)

 23) Mitsuo Kawasaki and Naoya Nishimura, "1064-nm laser fragmentation of thin Au and 
Ag flakes in acetone for highly productive pathway to stable metal nanoparticles", 
Elsevier B.V., Applied Surface Science 253, pp: 2208-2216. (2006)

 24) G.X. Chen, M.H. Hong, B. Lan, Z.B. Wang, Y.F. Lu and T.C. Chong, "A convenient 
way to prepare magnetic colloids by direct Nd:YAG laser ablation", Applied Surface 
Science, Vol. 228, Issues 1-4, pp: 169-175. (2004)


