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Synthesis and characterization of PVA-Graphene-Ag
nanocomposite by using laser ablation technique

Musaab Khudhur Mohammed1, Ghaleb Al-Dahash2 and Amer Al-Nafiey2

1University of Babylon, College of Education for Pure Sciences, Department of Physics, Iraq
2University of Babylon, College of science for women, Department of Laser Physics, Iraq
*musabali33@yahoo.com

Abstract: The PVA-G-Ag nanocomposite have been synthesized effectively by pulsed laser ablation
liquid (PLAL) as a considered to be environmentally friendly and free of residues from chemical
reactions. The high excellence silver plate (99.99%) and graphite plate (99.99%) was immersed in the
polyvinyl alcohol (PVA) solution and irradiated with the Nd-YAG laser at wavelength 1064 nm, power
160 mJ for the silver plate and 80mJ for graphite plate, reiteration rate 6 Hz, 10 ns pulse width and 300
pules for graphite plate and 700 pulse for silver plate. The pure of PVA, PVA-Graphene and PVA-
Graphene-Ag nanocomposite were investigated using UV-VIS spectroscopy, FTIR and SEM. The
absorption spectra of PVA-Graphene-Ag nanocomposite show the presence of two peaks one 0.4 at 272
and second 0.47 at 403 nm. The optical energy gap (Eg) decreased from 5eV of a pure PVA to 4.6eV of
a PVA-G-Ag for indirect allowed transition and therefore, decreased from 4.4eV of a pure PVA to 4.1eV
of a PVA-G-Ag for indirect forbidden transition. The transmittance and absorption coefficient have been
determined. The SEM images confirmed that homogenous composite without aggregation of the
components. The average size of nanoparticles of GNPs and AgNPs for PVA-G and PVA-G-Ag
nanocomposite was 130 and 115 nm respectively. The FTIR has demonstrated that the connection
between the graphene, silver and polymer network was enough to have stable nanocomposite. This
investigation demonstrates that the pulse laser ablation decent instrument to decorated metals on the
graphene with the presence of the polymer.

Keywords: graphene, AgNPs, PVA-G-Ag nanocomposite, Laser ablation

1. Introduction

The graphene structure has been one of the remarkable discovery in modern physics over the past 14
years. The graphene has been prepared for the first time by the Geim A. K in 2004 which opened many
application [1]. Since that time, there has been a lot of research on this discovery [2]. Because the
graphene has been discovered as a result, Geim A. K. and et. al. acquired the Nobel Prize in Physics in
2010 [3-4].

Graphene is define as a monolayer of sp?-hybridized carbon atoms structured in a honeycomb lattice.
The hybridized orbitals form strong c-bonds in the plane and un-hybridized p-orbitals overlap with
neighboring atoms to form n-bond. While the 6-bond is responsible for the most of the structural integrity
of graphene, the n-bond determines optical and electronic properties. The interaction of graphene with
electromagnetic wave is attractive because of the excellent band structure of graphene and the two-
dimensional confinement of electrons [5]. It has other fundamental highlights, comprising of wonderful
optical transmittance (= 97.3%)[6]. Graphene has been prepared in several methods like, chemical vapor
deposition CVD [7], micro-mechanical exfoliation [8], epitaxial growth of silicon carbide pyrolysis [9],
and reduction of the oxidized graphite [10], graphite intercalation [11] and electrochemical technique
[12]. These techniques aren't eco-friendly, including multi-steps and needed strong reducing agents. On
the opposite hand, the pulsed laser ablation liquid (PLAL) it's a few benefits like cleanness, simplicity,
and easily synthesis particle in nanoscale [13].

In view of low Young's modulus esteem, that a few polymers show can be expanded essentially upon
the homogeneous joining of graphene, in this manner making polymer/graphene nanocomposites
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appealing for a scope of utilizations. Polymer- graphene (reduced graphene oxide) nanocomposites as an
important materials form for photonic and optoelectronic devices, like graphene-polyvinyl alcohol
(PVA) nanocomposite films were fabricated by different techniques like, solution cast method [14],
simple solution method [15], a facial aqueous solution[16], while many efforts have been accomplished,
which include graphene and diverse metallic nanoparticles, like gold(Au) [17], silver(Ag) [18] and copper
(Cu) [19].

In this paper, we proposition a novel method to fabrication PVA-G-Ag nanocomposite by the pulsed laser
ablation in liquid (PLAL) with the less pulse laser energy and short ablation time.

2. Experiment

2.1  Preparation of graphite (G) plate

The measure of graphite powder (5g) (99.99% quality; Interchimiques SA, France) it was a compressed
with a hydraulic piston after cleaning the cylinder with ethanol, under pressure 20 MPa with width 2 cm
and thickness (2 mm), after that it was annealing for 4 hours at 450°C, for strengthening. A graphite plate
was cleaned utilizing a cleaned paper, to evacuate the debasements and afterward washed with ethanol
and refined water.

2.2 Preparation of silver (Ag) plate

The measure of silver powder (5g) (99.99% quality; Sigma Aldrich, St. Louis, MO) was pressured with
a hydraulic piston after cleaning the cylinder with ethanol, under pressure 22 MPa with width 2 cm and
thickness (2 mm), after that it was annealing for one hour at 500°C, for strengthening. A silver plate was
cleaned utilizing a cleaned paper, to evacuate the debasements and afterward washed with ethanol and
refined water.

2.3 Preparation of solvent of Poly (vinyl alcohol) (PVA)

0.5 g of Polyvinyl alcohol that (molecular weight 18000 g/mol, temperature of glass 75° C and density
1.18g/cmq) has been solvent in 30 ml of deionized water with magnetic stirrer and temperature 50° C for
30 minute.

2.4 Syntheses of PVA-G-Ag nanocomposite by laser ablation in liquid

The prepared graphite plate was immersed in 2 mm under the liquid surface on a bracket in a glass vessel
filled with 5 ml of the PVA solution and then, the graphite plate was exposed by (300) pulses using a
pulsed Q-Switched Nd:YAG laser. The pulse duration of 10 ns and 6 Hz repetition rate at wavelength
1064 nm with an energy of 80 mJ per pulse as shown in Figure.1l. This colloid solutions PVA-G
nanocomposite will redecorate with Ag NPs by immersed Ag target in this nanocomposite solution and
exposed by (700) pulses and energy of 160 mJ from the same Q-Switched Nd:YAG laser..

Liquld environmen

CGraphite targeot

Figure.l Laser ablation setup

The optical properties have been determined by utilizing a UV-VIS-NIR (UV/1800/Shimadzu
spectrophotometer) in the wavelength range of (200-1100) nm for the colloid straight and for the scanning
electron microscope (SEM) and Fourier transform infrared spectroscopy (FTIR) analyses the samples
were prepared as a thin film by spin coating method with speed 500 rpm/sec for 20 seconds on a silicon
wafer.
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3. Result and discussion

The absorption spectra of a pure PVA, PVA-Graphene and PVA-Graphene-Ag nanocomposite are
shown in Figure.2. The figure shows that the absorption peak 0.29 at 274nm for the PVA-G
nanocomposite due to n—n* transition of C=C band [20]. These absorption peaks are observed due to
Surface Plasmon Resonance (SPR) in the free electron cloud of carbonaceous material & electrons [21].
The absorption peak at 274 nm in oxidized graphite is a characteristic feature of graphene [22], while
PV A-Graphene-Ag nanocomposite displays two peaks, one 0.4 at 272 nm and another 0.48 at 403 nm.
The main peak of graphene (G) has a violet shift 2 nm, this shift of absorption peak toward shorter
wavelength (violet shift) indicates the decreased particle size and vice versa [23]. This result agree with
the authors [24].
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Figure.2 the absorption spectra of a pure PVA, PVA-G and PVA-G-Ag nanocomposite

The optical transmittance of a pure PVA, PVA-Graphene and PVA-Graphene-Ag nanocomposite, has
been determined by using the relation (1) [25]:

T=10" (1)
where A: is the absorbance
The transmittance are appeared in Figure 3. The figures show that the transmittance decreased from 98%
of a pure PVA to 94% of PVA-G nanocomposite. This decreased was attributed to the presence of the
monolayer graphene, while the transmittance decreased to 88% for the PVVA-G-Ag nanocomposite. This
influence due to some absorption in that wavelength range (272 and 403nm). This result is agreement
with the authors [26].
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Figure.} the transmittance spectra of a pure PVA, PVA-G and PVA-G-Ag nanocomposite
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To determine the absorption coefficient spectra (a) for the three samples by using the relation (2) [27]:
o= 2.303 * ()

Where A: is absorbance and t: is film thickness.

So, Figure.4 show that the absorption coefficient of the three samples. This figure show that the

absorption coefficient of PVA-G and PVA-G-Ag nanocomposite increased compared to the pure of PVA.
The values of o is less than 10* cm™, this indicate that the composites have indirect energy gap [28].

) e PVA
— PASG

5 //‘W\ PVA+G+Ag
3 .

Absorption CoefTicient (¢

Photon Energy {eV)

Figure.4 the absorption coefficient of a pure PVA, PVA-G and PVA-G-Ag nanocomposite

By using the following relation (3) to calculated optical energy gap (Eg) [29].
a =A(hv — Eg)"/hv 3)

To determine the (Eg) is to scheme a chart between (chv)" and photon energy (hv) and find the value of
the r which provides the best line diagram are shown in Figure.5. The estimations of optical band hole
are chosen by extrapolating the straight pieces of these relations to the hv axis and recorded in Table.1.
The (Eg) decreased with the increasing of graphene and graphene-silver respectively. The variety of the
determined estimation of the energy hole may reflect the role of graphene and graphene-silver in a
variable the electronic structure of the polymeric grid because of the presence of different polaronic and
defect levels. Expansion the graphene and graphene-silver substance may bring about the restricted
conditions of different shading communities to stretching out in the versatility hole. This association may
demonstrate the decline in the energy hole when the including graphene and graphene-silver respectively
to the PVA. This result is agreement with the authors [30]
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Figure.5 (a) and (b)The plot of (chv)}'? and (chv)'? as a function of photon energy respectively
Table 1. The value of energy gap for a pure PVA, PVA-G and PVA-G-Ag nanocomposite

Component Allowed Eg(eV) Forbidden Eg(eV)

Pure PVA 5 4.4
PVA-G 4.8 4.2

PVA-G-Ag 4.7 4.1

Scanning electron microscopic (SEM) used to show the morphologies for a pure PVA, PVA-Graphene
and PVA-Graphene-Ag nanocomposite are appeared in Figure.6. This Figure. a show that the image for
a pure PVA was homogenous due to the spin coating method. The SEM images of PVA-G and PVA-G-
Ag nanocomposite in Figure. b show that the GNPs are uniformly spread inside the PVA matrix and the
average size nanoparticle was 130 nm, while the adding of AgNPs and GNPs to the PVA matrix was
apparently noticeable from Figure. ¢ and the average size nanoparticle was 115 nm. From this images of
the SEM has been confirmed the incorporation for the PVA-G-Ag nanocomposite that deal with the result
of the absorption spectra of this nanocomposite. The microstructural attributes of their materials
demonstrated that the G was fairly scattered consistently in the grid even at higher focus because of the
solid interfacial communications with the lattice and the turn drying strategy which was utilized during
their answer mixing system are appeared in Figure.7

Figure.6 (a) (b) and(c) SEM images for (a) pure PVA, (b) PVA-G and PVA-G Ag nanocomposite
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Figure.7 (a) (b} and (c) SEM for PVA-G-Ag nanocomposite

Fourier transform infrared (FTIR) spectroscopy was utilized to show data about the compound holding
in the recently created nanomaterials. Figure.8 shows FTIR for pure PVA, pure graphite and PVA-G-Ag
nanocomposite individually.

In the pure PVA, there are peaks at (3295, 2937, 1713,1240,1140,1086 and 832) cm™! clearly observed,
but is missing in the graphite spectra that have only strong peak at 1086 cm-1 has observed and for PVA-
G-Ag nanocomposite spectrum, peaks at (3292, 2895,2359,1660,1200 and 1086) cm™* observed without
four peaks are missing (1713, 1240, 1140 and 832) cm™, additionally, the peaks 3295 cm™ and 2937
cm* had been shifted for lower wavenumber and new peaks at (2359, 1660 and 1200) cm™* has been
established.

In all spectrums, the 3295 cm™* and 3292 cm™ due to O—H stretching vibration of carboxyl groups and
the absorbed water this absorption peak is shifted to 3292  cm™[31], a lower wavenumber with the
addition of graphene. Meanwhile, the stretching vibration at 2937 cm™ and 2895 cm™* belonging to C—
H[32,33]. The vibration at 1660 cm™, 1200 cm™ and 1086 cm™ are allocated to C=C stretching, and C—
O stretching[34,35], respectively with higher intensity in the PVA-G-Ag nanocomposite spectrum than
in pure PVA and graphite spectrums, indicating that carbon bond between C, C and O has been
established.

The above results prove the strong interfacial interaction between graphene and PVA.
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Figure.8 FTIR spectrum for (a) pure PVA, b)pure graphite and (c) PVA-G-Ag nanocomposite
respectively

Conclusion

In summary, we have utilized pulsed laser ablation liquid technique to fabricate PVA-G-Ag
nanocomposite using with less laser power and small laser beam spot sizes and less time ablation close
to 2 minutes. The UV-Vis spectrum of PVA-Graphene-Ag nanocomposite show that two main peaks one
0.4 around 272 nm for G and second 0.48 around 403 nm for AgNPs which indicates that the formation
PVA-G-Ag nanocomposite. The energy gap decreased from 5 to 4.6 eV for allowed indirect transition
and also decreased from 4.4 to 4.1eV for forbidden indirect transition. The optical parameters such as
transmittance and absorption coefficient have been calculated. The SEM images confirmed the
homogenous shape without aggregations of prepared samples for pure PVA, PVA-Graphene, and PVA-
Graphene-Ag nanocomposite. The FTIR studies also gave the evidence regarding the formation of the
nanocomposites, where, FTIR has shown that the interaction between the graphene, silver and polymer
matrix. This investigation demonstrates that the pulse laser ablation a good instruments to decorated
metals on graphene.
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Investigation of Mixed Symmetry States in 170-178Yb isotopes
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Abstract: low-lying positive parity states, dynamic symmetries, mixed symmetry states (MSS), reducing
electric quadrupole transition probabilities B(E2), branching ratio, reducing magnetic dipole transition
probabilities B(M1), and mixing ratios 8(E2/M1) for 1/%17®Yh have been investigated by applied IBM-1
and IBM-2 program package. The software package IBM-1 and IBMT computer code for IBM-1 and
Neutron Proton Boson NPBOS and Neutron Proton Boson Electromagnetic NPBEM software package
have been used. The Ytterbium nuclei with the (170 — 178) mass number considered as rotational nuclei
after applying the first and second interacting boson model with studying dynamic symmetry and energy
ratios (E4f/E27), (E6F /E2}) and (E8F/E2F) that approximated to (3.33,7 and 12). The reducing
transition probability for electric quadruple B(E2) and branching ratios that state the small values of the
ratios R" and R™ as having rotational characteristics. A study of the mixed symmetry state of these nuclei
shows that the lower energy mixing level is the first 1* level, which distinguishes the rotational
determination nuclei. The energy levels values for the states 23, 37,57, 17 have a clear mixed symmetry
state (MSS) directly proportional with Majorana parameters {2 , while 23 and 27 tend to be
approximately more conservative.

1. Introduction

The interacting bosons model is an effective method to describe the behavior of nuclei and knowing their
characteristics, as it is considered one of the most flexible models in nuclear structure to describe a wide
range of nuclei have the medium and heavy mass number, with its three rotational, vibratory, unstable, y
unstable limits and transitional regions. The medium heavy rare-earth Ytterbium nuclei with the neutron
number between 100 and 108 have decay scheme characterized by small and nearby energy levels in the
ground band which generally as rotational nuclei. *1"®YD isotopes have Z=70, then 6 hole bosons the
number of protons and neutrons lying between 50 , 82 and 82, 126 magic shells, respectively. The
170172y jsotopes have 100,102 neutrons which mean (9,10) particle neutron bosons with total boson
numbers 15,16 respectively. The 176-18Yp isotopes have 106 and 108 neutrons which mean (10,9) hole
neutron bosons, the nucleons, and 16,15 boson numbers respectively. There are many studies and research
that attempted to understand and explain the behavior of 179-18Yh nuclei by using different models[1-
5]. in the present research the low —lying positive party states , dynamic symmetries, mixed symmetry
states (MSS), and reducing transition probabilities for electric quadrupole B(E2), branching ratio,
magnetic dipole B(M1),and mixing ratios §(E2/M1) 1®18Yb have been investigated by applying
IBM — 1 and IBM — 2 program package.

2.Theoretical Part

The IBM is built on a closed shell i.e., the total number of bosons (N) depends on the number of active
nucleon particle (or hole) pairs outside a closed shell. Each type of bosons, the s- and d-boson, has its
binding energy with regard to the closed shell [6]. The IBM-1 dose not distinguish between proton and
neutron bosons; the total number of bosons (N = n, + n,) is finite and conserved in a given nucleus.
The s (L =0) and d (L = 2) bosons of the IBM-I have six sub- states; therefore, it define a six-
dimensional space, so that one can describe it in terms of the unitary group in six dimensions, U(6). This
leads to drive many of the characteristic properties of the IBM-1 by group theoretical methods and express
it analytically[7-9]. The Hamiltonian operator according to IBM-1 describes the system of s and d boson
can be written as [10-13]:-
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H=eng+ayPTP+a;L.L+a,Q.Q+asT3T; + a,T,T, (1)

where ¢ = g; — &, is the boson energy, for simplicity &g is set equal to zero only & = ¢, appears
ay, a1, Ay, a3, a, azdesignate the strengths of the quadrupole, angular momentum, pairing, octupole and
hexadecapole interacting between bosons respectively. The electromagnetic transition operators has been
given as [6-13]:-
2 l 0
Th = a8,[d"s +stdly + Bld dly) +Vo6108mols sl )

where a,, f;, ¥, are the coefficients of the various terms in the operators. The M1 operator has been given
by [12,14]:-

TM! = B, [dtd] (3

The magnetic transition will occur only for d-boson since the s-d interaction will vanish. The angular
momentum operator and g — factor have been written as [13,15]

T = 3/4m gglL, gg = B1/10/4m/3 L 4)

where gg is the effective boson g —factor, the factor /3/4m has been introduced to conform with
standard notation since the operator L is diagonal in any basis no M1 transition can occur in this
approximation, the diagonal matrix element depends only on L and is the same for all three cases they
given by[12,16]:-

(LNTMHIL) = 3/4m gg/[L(L + D(2L + 1] (5)
In terms of magnetic moment (uL) [14,17]
gp=pm /L (6)
The states g —factor defined as [18]:-
gr = Hy / L, where g, = gp (7
The magnetic dipole transition probability can be given by the form [18]:-
BMM1; L — L) = — L/ ITM]|L)]? ®)
The electric quadrupole T (E2) operator can be taken from equation (2) as [6]:-
T2 = ayldts + Tl + Boldtd]y) ©)
where a, is the effective charge of s and d boson , 8, is the effective charge of d- boson. The selection
rules of the electric quadrupole operator for three dynamical symmetries (Chain I, I, and 1ll) are as

follows [6-13].

Chain I ; SU(5) : And = 0, £1,
Chain II; SU(3): 44 = 0,4u = 0;
Chain Ill; O(6) : 46 = 0,4t = #1.

The electric quadrupole transition rates are governed by B(E2) values, defined as [8]
1

2
B(E2;L; - Ly) = m|(Lf||TM1||Li)| (10)

where L; is the initial angular momentum and Ly is the final angular momentum. The (Branching Ratios)
of the reduced transition probabilities for electric quadrupole transition of the dynamical symmetry SU(5),
SU(3), and O(6) obey the following relations [6-10]:-

R = B(E2;4T-2%)
~ B(E2;2-07)

(11)

r _ B(E2;27-21)
"~ B(E2;2-07)

(12)

» _ B(E2;03-27)
~ B(E2;2-07)

R (13)

1224



they can be written in terms of the total boson number N [13]:-

R=R =R =22 <2 50(5) (14)
R~—5R =R'=0;SU3) (15)
R=R <R =0;0(6) (16)

The Hamiltonian operator in IBM — 2 will have three parts: one parts for each of proton and neutron
bosons and a third part for describing the proton-neutron interaction, i.e.

H=H;+H,+V; a7
A simple schematic Hamiltonian guided by microscopic consideration is given by [12]:-
H = g(ndn + ndv) + KQTL" Qv + Vrm + Vvv + Mm/ (18)
where
Q, = (d}s, +std)2 + x,(d}d,)E p=m,v (19)
1 1 0)
Vop = Yi=0247 2L+ 1)2C/[(dfdHP). (d,d,) V] (20)

and ¢,, €, are proton and neutron energies respectively and they assumed equal &, = &, = €. The last
term in Eq.(18) contains the Majorana operator M,,, and it is usually added to remove states of mixed
proton neutron symmetry. This term can be written as[13,18]

My, = {(shdh — disH®. (sydy — dys) @ + Y13 G (dPdH® — (d,dy)® (21)

If there is an experimental evidence for the so called “mixed symmetry” state, then the Majorana
parameters are varied to fix the location of these states in the spectrum. The energy levels are obtained
by diagonalizing the Hamiltonian Eq.(18) and allowing the parameters &, k, y,, ¥, and C, to vary until
one obtains the beast fit to the experimental spectrum.

Using Eq. (18), it is possible to obtain spectra that are similar to those of the IBM-1 with only one kind
of boson [18]. The U(5) limit when & >» k , the SU(3) limit when ¢ < x and x,; = x, = —V7/2, and
0(6) limit when € « k and y,, = —y,. Most nuclei do not strictly belong to any of these three limiting
cases, but are somewhere between two of them. In the IBM, it is possible to make a smooth transition
between the limiting cases for a series of isotopes. The general single boson transition operator of angular
momentum ¢ has the same form as in Eq.(2) in IBM-1 except for the fact that in each term one has to
consider m, v degree of freedom and this can be written as[12]

3
[dfs + s*d];z) + ﬁgp[d-l-d]'g) + '}/OP(S\{)()[S-I—S];O) wp=TOTV (22)
This equation yield transition operators for E0, M1, E2, M3, and E4 , For E2 operator[13]
TF = e.Qr + 6,0, (23)

Where Q,is the same as in Eq. (19) and e, e, are boson effective charges depending on the boson
number N and they can take any value to fit the experimental result .The values of effective charge are
sensitive to the nuclear structure while the ratio e, /e, depends only on the assumption of maximal F —
spin for 07 and 27 states .The two effective charges e, and e, can obtained[19] by using boson number
N, , N, and experimental B(E2;2f — 0F) values for a series of isotopes to produce a plot
between N,,/N,, and M where defined as [18-21]

M = N, [N.B(E2; 2% - 0)]/2 ebinU(5) (24)
M = N, [SN(2N +3)"L.B(E2; 2f - 01)]"?eb inSU(3) (25)
M = N, [SN(N + 4)"L.B(E2; 2§ - 0])]"? ebin 0(6) (26)
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The best straight line through the experimental point is obtained with slope e, and intercept e,. The M1
operator obtained by letting £ = 1 in Eq. (22) [18,19] as:-

3.1
T = [Za(g, Ly + g,L3”) (27)
Where g, , g, are the boson g-factor in unit p, and LS) = \/E(dfd)g) ,then
3,11 1
T = [Za[= (gr + g) (LY + L)) +5 (g2 — 9D (LT — 15)] (28)

The first term on the right hand side of this equation is diagonal; therefore, for M1 transition the previous
equation may be written as
7O = 0.77[(dd)y” — (@' d)y”1(gx — 9v) (29)

Few experimental absolute B(M1) transition are available to test IBM predictions, the total g- factor is
defined by [21,22]:

g=

T (Ng+Ny)  (Ng+N,) (Ng+Ny)

9Nz gvNy = — (gn:Nn"'ngv); g = Z/A (30)
where Z is the atomic number ,and A is the mass number , g, and g, are obtained by using the same
method which used to calculate the effective charges e, and e,.The M1 strength many be expressed in
terms of the multipole mixing
£2) o N UV il V72
5 () = 0.835E, (MeV).A; A= phommrs

by having fitted E2 matrix elements, one can then use them with §(E2/M1) to obtain M1 matrix element
and compare them with the matrix elements predicted by the model using the operator eg.(31). An
important property of this new version is that the proton-neutron symmetry character of each state is
specified in terms of a new quantum number called F —spin [23]. The F —spin raising , lowering, and
F —component operators given in.[24]as:-

(31)

F,=dld, +sts,; F =dld,+s]s, (32)

Proton boson have an intrinsic quantity, F = 1/2 which can be introduced in a formalism similar to that
used for isotopic spin[23,24]. Then proton bosons will have a Z —projection F, = + 1/2 while neutron

bosons have F, = —1/2, thus one can write an F —spin multiple as
1 1 1 1
m = +3), = -3) (33)

The total symmetric states have the maximum value F —spin F,,,, = |(N; + N,)|/2 while the mixed
symmetry states characterized by decreasing F —spinvalue E,,, = |[N; + N,|/2 = |N|/2,F = Fqx —
1, Fpax — 2, ooy Fyin = IN; — N,,| /2 ,bosons is fully symmetric under the interchange of neutron and
proton boson if it has maximal F —spin E,,, = N/2 .A state with only s- boson is naturally fully
symmetric and has F = N /2 it should be noted that the state of maximum F — spin are in one to one
correspondence with the states of IBM-1 while the states with F —spin less than the maximum value of
N /2 having no counterparts in IBM-1. They have mixed proton-neutron symmetry character, thus they
are called mixed symmetry states. These states are considered as the main interest in studying the IBM-2
[23]. Mixed symmetry states have been observed in many even -even nuclei between the mass numbers
50 and 240. This urges when the movement of protons and neutrinos forming collective excitation are
not in one phase, it has been observed in the three limits of collective excitations in vibrational rotational
and y —unstable nuclei the lowest energy to mixed symmetry states is first 1* level at about 3Mev in
rotational nuclei while lowest energy mixed symmetry states in vibrational and y unstable is around 2
MeV[23].

3.Results and discussion
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IBM-1 and IBM-2 software package have been used to estimate a set of parameters described in the
Hamiltonian operator as it is shown in equations (1) and (17). The parameters estimated for the low- lying
calculations of the excited energy levels for Ytterbium isotopes are given in table (1)

Table 1: The parameters have been used in the IBM-1 and IBM-2 Hamiltonian for
even-even 17%178Yp jsotopes (in MeV ) except y , yv and ym were unit less.

IBM-1 parameters in MeV unless

Isotopes
Nt € ao a1 a as V! X

170y 15 0.0 0.0 0.009 -0.0122 0.0 0.0 -1.31
172y 16 0.0 0.0 0.008 -0.0112 0.0 0.0 -1.31
176y 16 0.0 0.0 0.009 -0.012 0.0 0.0 -1.31
178y 15 0.0 0.0 0.008 -0.0142 0.0 0.0 -1.31
Isotopes  IBM-2 parameters in MeV unless Y, X—=-1.24 , N =6

N &g K Yy G C13 ct ct
My 9 061 -007 - 001 001 00800800  040.08,00
2y 1 06 -0064 - -0.01 0.01  0.08,0.06,0.0 0.4,0.08 ,0.0
%%y 1 061 -0067 -  -001 001  0.080.080.0 0.4,0.08 ,0.0
Iy 9 061 -0075 -  -0.001 002  0.08,0.08,0.0 0.4,0.08 ,0.0

One of the most important tests have been carried out on the nuclei is the calculation of energy ratios that
are a good indication and a guide for the determination symmetries region that the isotope belongs.
(E4% /E27), (E6F /E2F) and ( E8F /E27 ) have been calculated for 17%178Y}h isotopes put in Figure (1),
That leads to guessing the nearest dynamic symmetries which correspond to the characterizes of 1/9-178Yp
isotopes [12].

4.00 o .00 Exp
# ™ 8 8 S_:1 y—— Al IBM-1
3.00 o 1BM-2 6.00 1BM-2
[+ v —us) | W
| —U(5)
i 2.00 o6 w 4.00 i
[ty 1.00 ——su3) | 5" 2.00
| 2y w0 sSU@)
0.00 0.00
’ 169 173 177 169 173 177
Mass Number I —Mass Number
15.00 a- B |
IBM-1
e 12007 8 i s E: IBM-2
[ 900 —us)
‘00“ 6.00 0(6)
| 300 su(3)
0.00
169 173 177

Mass Number

Figure 1: The experimental[25-29], theoretical and standard[18] energy ratios (E4F /E2T, E6] /E27,
and E8F /E27) respectively as a function of mass numbers for 1718 isotopes.
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The calculated energy levels compared with experimental data [24-29] 1'%178Y} isotopes have been
shown in Figure (2) .

179Yh
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Figure 2: Comparison between experimental [25-29] and calculated energy levels for 170178yp
isotope.

The most important features of IBM-2 was the possibility of clarification of mixed symmetry states in
even-even nuclei which made up from mix up of the protons and neutrons waves functions. In more
vibrational and gamma soft nuclei the lowest MS states with ] = 2%, in the rotational nuclei observed as
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the J = 1% states .The effect of Majorana parameters (,) on the calculated excitation energy levels for
170-178yp jsotopes has been investigated by vary the , around the best-fitted with experimental data as
shown in figure (3).

2 Best fit, 1oyh 1.8 Bost fit, 12yp
18

16

14

E MeV

1.2

0.8 0-8
0.6 0.6
003 0025 002 0015 001 -0.005 0 003 0025 002 0015 001 -0.005 0
Bast fit, 176 1
2 ‘, Yb 2.2 Be?t fie. *¥b
|
18 | e 28 2 L P L
S = B
1.6 e —— ! . e | A
= ! 3 18 e | 5
14 S S — :
| E 12 ):' 2" E”’ % B e e
o ’____,-f:—" 5 " t 1
1 3* —_— e
de i — |
08 : 12 2 - |
) |
0.6 ¥ 1 ¥
003 -0,025 -0.02 -0.015 0.01 -0.006 0 -0.016 -0.011 -0006 -0.001 0004 0009 0.014
R Q

Figure 3: Mixed symmetry states Mss as a function Z, for %18Yp isotopes.

The effective boson charges have been estimated from equations (9) and (23) to calculate B(EZ2)
transition probabilities , theoretical branching ratios. B(E2) compression with the experimental values
[25-31] for 179-178Yh isotopes were listed in tables (2) and (3).

Table 2: The used effective boson charges used in IBM-1and IBM-2 to calculate B(E2)
transition probabilities for 118y isotopes and branching ratios.

The effective boson charges (eb)

Isotopes | gp-1 IBM-2

E2SD E2DD e ex
170yh 0.107 -0.1398 0.06 0.22
172y 0.104 -0.137 0.061 0.22
176yh 0.099 0.127 0.049 0.22
178yh 0.11 -0.143 0.06 0.22
Isotopes R R’ R"

Exp. IBM-1 IBM- Exp. IBM-1 IBM-2 Exp. IBM-1 IBM-2
170yh - 1414 1428 --  85x10° 0.0014 -- 0 0.0022
172y 142 1412 141 - 19x10° 0.0009 -- 0 0.0019
176yh 1445 1412 1414 --  35x10° 0.0029 -- 2.7x10°  0.0014
178yh - 141 1407 -  14x100 0.0011 -- 3.3x10°  0.00138
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*E2SD and E2DD are IBMT parameters where a, and 3, are the boson effective charge for IBM1

E2SD = a,, E2DD = /58, where 8, = —ﬂaz,—gcxz , B2 =0 inU(5),SU(3),and 0(6) limits

NG
respectively.

Table 3: Calculated reduced electric quadrupole transitions probability B(E2) values in (e2b?) unit
compression with experimental data [24-30] for 1/%-178Yb isotopes.

Isotopes  1OYb 172yp
7 SJF Exp. IBM-1 IBM-2 EXp. IBM-1 IBM-2
2, >0, 1124 1.124 1.126 1.204 1.208 1.203
4, -2, - 1.59 1.6 1.71 1.71 1.697
6, >4, - 1.719 1.74 1.818 1.853 1.843
8, > 6, 1.697 1.75 1.693 2.27 1.893 1.896
10, » 8, 1678 1.73 1.68 2.1 1.883 1.958
0, »>2, - 0.0 0.0025 -- 0.0 0.0022
2, >0, - 0.0076 0.201 -- 0.0072 0.265
2, > 2, - 0.0000096 0.00163 -- 0.0000023 0.0011
4y 2, - 0.542 0.57 - 0.59 0.609
6, >4, -- 1.048 1.147 - 1.144 1.385
8, -6, - 1.229 1.272 -- 1.346 1.385
10, > 8, -- 1.285 1.331 - 1.415 1.478
3,52, - 1.64 1.446 - 1.786 1.444
5,3, - 0.859 0.982 - 0.937 1.032
7,25 - 1.154 1.168 -- 1.263 1.232
9,-7, - 1.253 1.287 -- 1.379 1.373
4; - 25 - 1.293 0.994 -- 1411 1.306
63 > 453 - 1.388 1.267 -- 1.519 1.404
8; > 65 -- 1.397 1.423 -- 1.538 15
1053 - 8; -- 1.36 1517 -- 1.509 1.622
3,51, - - 0.842 - - 0.875
1,52, - - 0.032 - - 0.033
2,-0, - - 1.0001 - - 0.989
Isotopes 176vh 178yh
Ji-J;  Exp. IBM-1 IBM-2 EXp. IBM-1 IBM-2
2,50, 1072 1.076 1.074 - 1.184 1.182
4, -2, 155 1.524 1.565 - 1.675 1.66
6, >4, 171 1.651 1.706 -- 1.811 1.796
8, -6, 172 1.687 1.723 - 1.844 1.839
10, > 8, - 1677 1.74 - 1.825 1.882
0, >2, - 0.0 0.0016 -- 0.0 0.0016
2, >0, - 0.0064 0.198 -- 0.008 0.267
2, > 2, - 0.000038  0.0031 -- 0.000017  0.00137
4y >2, - 0.526 0.531 - 0.571 0.585
6, >4y - 1.021 1.202 - 1.021 1.188
8,—>6, - 1.201 1.225 -- 1.201 1.235
10, -8, -- 1.263 1.309 -- 1.263 1.298
3122, - 1.593 1.176 -- 1.593 1.427
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5, >3, -
7,25 -
9.->7, -
43 > 25 -
63 > 4; -
83 > 65 --
103 »8; -
311, -
1,-2, -
2, -0, -

0.909 ~-
1.221 ~-
1.34 ~-
1.135 ~-
1.233 --
1.35 --
1.453 --
0.789 --
0.039 --
0.954 --

1.01
1.36

1.329
1.086
1.297

1.45

1.548
0.878
0.036
0.989

Magnetic properties of nuclear states are effective probes of nuclear wave functions the nuclei near closed
shells mainly determined g — factors by single particle motion and configuration mixing ,in the
deformation nuclei the collective motion of protons and neutrons is responsible for g —factors values.
B(M1)transition probability has been calculated using the effective g —factors for proton g, and neutron
g,. for 1%178Yh isotopes g, = (0.51py) and g, = (0.28uy). Eq. (28,31) have been used in IBM-2 to
calculate the B(M1) transition probabilities and § (E2/M1) as shown in table (4). The calculated values
for B(M1) and the mixing ratio § (E2/M1) have been compared with the available experiments data[25-

29].

Table 4: Comparison between calculated magnetic transitions B(M1) in unit ( u%) and
mixing ratio §(E2/M1) with the experimental data [25-29,31] for 1%-18YD isotopes.

Isotopes  '7Yb 72vh

Ji—>J; BMIL) §(E2/M1) B(M1) u2 §(E2/M1)
Exp. IBM-2 Exp. IBM-2  Exp. IBM-2 Exp. IBM-2

2: -1, -- 0.0171 -- -- -- 0.0176 -- --

2, -1, - 1.0729 -- -- -- 0.83x10°  -- --

2; > 1; - 0.00069 -- -- -- 0.00062 -- --

2,52, - 0.03288  -- - - 0.032 - +0.16

2, > 25 - 0.0003 -- -- -- 0.00014 -- --

21 > 25 - 0.0073 -- -- -- 0.009 -- --

3,22, - 0.0207 -- -- -- 0.021 +14.6%3, -0.59

3122, -- 0.000327  -- -- -- 0.0003 -- --

4,3, - 0.0193  -- +1.17 - 0.019 271+ +1.15

4y > 4y - 0.04559  -- +0.19 - 0.045 +13%7¢ +1.0049

5 >4, - 0.0209 -- -- 0.001 0.021 +1.43 -0.078

5, -4, - 3.064E- - - — 1.61x10°  -- -

4, >3, -- - - - - 2.33x10° - -86.4

Isotopes  '7°Yb 178yh

Jio s B(M1) u2 §(E2/M1) B(M1) u2 5(E2/M1)
Exp. IBM-2 Exp. IBM-2 Exp. IBM-2 Exp. IBM-2

2, -1, - 00179  -- - - 00177 - -
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2,51, - 3.3x10° - - - 3.76x10°  -- -

2; > 1; - 0.00061 -- -- -- 60.000715 -- --
2,52, - 0.0348 +113 +0.27 -- 0.032 - -
2, > 25 - 0.000199 -- -- -- 0.00018 - --
2,225 - 0.0073 +1.6 +1.74 -- 0.01005  -- --
3,22, - 0.0217 -0.8 -- 0.0216 -- --
3122, - 0.00028  -- -- -- 0.00051  -- --
4, > 3; - 0.019 —-612  +14 -- 0.0197 -- --
4, > 4, -- 0.046 -0.26 +0.23 -- 0.0469 -- --
5,24, - 0.021 -- -- - 0.0214 -- --
5, >4, - éL.?9><10' -- -- -- 5.9x10°  -- --
4.Conclusion

The Ytterbium nuclei with the (170-178) mass number exhibit rotational properties. The first and second
interacting boson model have been studied dynamic symmetry and energy ratios (E47 /E27), (E67 /E27)
and ( E8]/E27 ). The ratios approximate to (3.33,7 and 12).The reducing transition probability for
electric quadruple B(E2) and branching ratio have small values for R" and R" as in rotational limit,
because of selection rules for this limit consider that the transitions B (E2; 23 — 21),B (E2; 05 -
27) are equal to zero which means forbidden transitions as we see in tables (2&3) and equation (15).
The Majorana parameter effect ({2) for 1°178YDb isotopes, has been investigated by vary ¢, around the
best-fitted with experimental data. The energy levels values for the states 27, 31,57, 17 have clear mixed
symmetry state (MSS) directly proportional with the Majorana parameters ,, while 23 and 23 tend to
be more conservative . A study of the mixed symmetry state of these nuclei shows that the lower energy
mixing level is the first 1* level, that distinguishes the rotational determination nuclei. The collective
states location of mixed proton-neutron symmetry is one of the most remarkable open experimental
difficulties in the study of collective features of nuclei. The experimental values of the first 1* for
170-176y, isotopes are (1.634, 2.009 and 1.819) MeV respectively somewhat higher than the values in
the best fitting (1.143,1.082 and 1.132 ) MeV while no experimental value for'”®Yb and the best fitting
was 1.279 MeV. The results of the reduced electrical transitions probability B(E2) that obtained from
the IBM-1 & IBM-2 program package have been compared with the experimental values and the results
are satisfactory. The reduced magnetic transitions probability (M1) and the § (E2/M1) ratio have been
calculated using the second program and have been compared with the few available experimental values
they are considered to be compatibility acceptable. All results have been shown that 17%1"8Yp nuclei as
deformation nuclei they obey rotational limit perfectly.
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Abstract. Hydroxyapatite powder Caio(PO4)s(OH). was prepared locally from lIraqgi beef bones, and
characterization the powder as well as studied purity. A composite of hydroxyapatite-alumina was also
prepared with a ratio of alumina 0,5,10,15,20,25% wt .Use polyethylene glycol as a binder with 1% wt by
dissolving polyethylene glycol with ethanol (1g: 100ml) at 40 °C and using a magnetic stirrer to obtain a
homogeneous solution for the material. Then drying the powder and pressing to prepare compound
samples, after that heat treatment at 1350°C for three hours. The physical and mechanical properties
studied such as density, porosity, water absorption ratio, hardness and compression resistance, as well as
X-ray diffraction and X-ray florescence. X-ray diffraction analysis showed that the hydroxyapatite phase
was stabilized for all prepared samples before and after heat treatment with chemical form
Ca10(POa4)s(OH), the hydroxyapatite showed a stabilization in phase before and after heat treatment
without decomposition into different components.

Keywords: Hydroxyapatite, Alumina, Composite and Medical applications

1. Introduction

The importance of hydroxyapatite (HA) used in the many applications, especially in medical
applications. Hydroxyapatite is a natural mineral form of calcium apatite, the chemical formula Cas (PO4)
3 (OH), but it is usually written Caio (PO4) ¢ (OH) 2 to indicate that the crystal unit cell of two entities.
Molecular weight has 502.31g/mol and hexagonal crystalline structure with dimensions a =9.41 A, ¢ =
6.88 A as shown in Figure (1). It can take several colors including white, milky, colorless, gray, yellow
and yellowish green. The main components of human bones are organics, mostly collagen fibers and
inorganic materials known as hydroxyapatite, which accounts for 65-70% by weight of natural bone as
shown in Figure (2). Collagen fibers are responsible for bone flexibility, while the metal component
(hydroxyapatite) is responsible for bone stiffness, and the molecular ratio of calcium to phosphorus ratio
(Ca/P) within hydroxyapatite in bone tissue is around 1.67 [1-3].

Calcium Phosphate (CaP) is widely used directly in solid tissues (eg bone) and in various medical
applications, which can be used as compensation for solid tissues. There are many types of calcium
phosphate such as hydroxyapatite (HA), tetra- calcium phosphate (TTCP), tri-calcium phosphate (TCP),
anhydrous dia-calcium phosphate (DCP), amorphous- calcium phosphate (ACP), binary-calcium
phosphate (BCP). Hydroxyapatite (HA) is the most promising and good material for bone replacement for
its consistency and biocompatibility [4]. Several methods were used to prepare hydroxyapatite, including
precipitation, sol-gel, hydrothermal technique, biomimetic deposition, electro deposition, Animal bones
directly, and other methods [5]. When the samples are formed in any way and the thermal treatment is
performed, and after the temperature exceeds 1100°C, hydroxyapatite breaks up into several compounds
such as f-Cas (POas) 2, called B-TCP [6-9]. It can dissolve according to the following reactions [10, 11].

Calo(PO4_)6(OH)2 - Ca4_P209 + 2C“3(P04_)2 + H20 ...... (1)
Ca10(P04)6(0H)2 Ad 36613(P04)2 + Ca0O + Hzo ......... (2)
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Hydroxyapatite can be used as a coating for all parts of the human body. Complete parts of the human
body can also be prepared as parts of the bone, teeth, face, jaws and skull. It also enters the cosmetic
processes of many parts of the body. In addition can enter a large proportion in the preparation of animal
feed [12].

C
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® Inorganic
substances

8 Organic
substances

Figure (1) crystalline structure of hydroxyapatite [2] Figure (2) The proportions of organic and
inorganic substances [3]

2. Experimental Work
2.1. For the purpose of preparing the hydroxyapatite powder locally, follow the following steps:

Iraqi beef bones were prepared from local markets and first cleaned from the meat and fat residues,
boiling the bones with water for five hours and more than once to remove the fat, drying the bones with
the electric dryer at 75 ° C for 24 hours, cracking bones into small pieces using an iron hammer , putting
the broken bones in a ceramic package and conduct the process of heat treatment through calcinations at
750°C for four hours, and make sure that all broken bones lost organic materials and became a pure white
milky black color, after thermal treatment, the bone was milled using a rotary mill with iron blades, sifting
the powder with a particle size of less than 150um using sieves. Conducting analysis for the diagnosis of
the substance and phase using the XRD diffraction system. Materials and impurities introduced in the
structure of hydroxyapatite verified through the XRD for American hydroxyapatite powder was used for
comparison purposes, in addition to the standard spectra, which is included with the system within the x-
ray diffraction library.

2.2. Preparation of samples:

To Preparation of a composite of hydroxyapatite-alumina with alumina ratios 0,5,10,15,20,25% wt,