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Abstract

The structure of P,05-510, and CaO-P,05-Si0, systems have been systematically investigated by
molecular dynamics simulation. The structural characteristics were clarified with intuitive figures and
images at atomic scale. Specially, we have applied the recognition and visualization methods to clarify
short range order, intermediate range order, and network structure. The structural and compositional
heterogeneities and mechanism of alkaline Earth metals incorporation into -O-P-O-Si-O- network
have been discussed in detail. This is useful information for designing bioactive systems with many
potential applications.

1. Introduction

Glassy network structure of P,Os- and SiO,-based multicomponent oxide systems are at the heart of bioactive
glass materials. This material group has been widely investigated for restorative biomedical applications. Their
network structure was described as continuous random networks made up of corner-shared glass former-oxide
tetrahedra (TO4 with T = Si, P) with modifier ions in the inter-networking regions. Investigation by both
experiment and simulation [1-7] have shown that the distribution of P°* ions in phosphosilicate is in good
agreement with statistical distribution within a short-range scale of <450 pm. The P°" ion distribution is
independent on the silicate network polymerization and independent on the P content in glass system. Research
results in [8—15] shows that the properties of bioactive glasses are strongly dependent on their composition. The
bioactive glass containing 55—-60 wt% SiO2 required a longer time to bond with bone but did not bond to soft
tissue. Meanwhile, silicate glasses with >60 wt% SiO, are biologically inert. Report in works [5, 16—21] showed
that increasing the P content of Na,O-CaO-SiO,-P,05 system will promotes apatite formation. Increasing P,O5
content expands the range of silicate network connectivity, which offers a high bioactivity. The bioactivity is
strongly dependent on the silicate network connectivity and the number of bridging oxygens (BO). Investigation
also revealed a weak relationship between the critical non-bridging oxygens (NBO) value and the P content.
Simulation and experimental data in [7, 14, 22-31] revealed that the medium-range order structure is
significantly dependent on thermal history of the glass. The authors in work [7] have observed an increased
affinity of P atoms toward NBOs that accompanying a decrease in the fraction of Si-O-P bridges upon lower
cooling rates. For diopside (CaO.MgO.2Si0,)- tricalcium phosphate (3Ca0.P,05) glass systems, the
investigation in [9, 14, 16, 32—40] showed that the glass network structure consists predominantly of Q*and Q’
species (here Q" is the SiO,, POx or TOx (T = Si, P) with n bridging oxygens between Si-Si, P-P and T-T,
respectively). The amounts of Q* decreases as diopside content increases. Meanwhile amounts of Q” increases
with the increase of diopside content. The glass network connectivity decreases with increasing tricalcium
phosphate and P,O5 content. In the considered composition, -Si-O-Si-O- network connectivity (NC) remains
almost constant, NC is around 2. Molecular dynamics simulation data revealed the glass network structure with
broader Q" distributions for Si and higher Q' species for P.
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Table 1. BMH potential for CPS system [33].

i-j Aj(eV) Bj(1/4) Cij(eV A%
Ca-Ca 329171.51 6.25 4.34
Ca-Si 26684.39 6.25 0
Ca-P 164585.76 12.50 0
Ca-O 718088.63 6.06 8.67
Si-Si 2163.18 6.25 0
Si-P 1081.59 12.50 0
Si-O 62,817.23 6.06 0
P-P 0 0 0
P-O 1847.66 3.45 0
0-0 1497594.32 5.88 17.35

Neutron diffraction, X-ray diffraction, EXAFS and NMR experiments have provided valuable information
on the short-range order (SRO) structure of cations [15, 17, 19, 20, 41-49]. By using the above experimental
methods, it is difficult to clarify the composition-structure-property relationships of multicomponent systems
due to the lack of intermediate range order (IRO) and long-range order (LRO) [50].

Simulation methods provide quantitative and qualitative insights at the atomic level that can be used to
analyze and clarify the structure as well as composition-structure-properties relationship in complex system.
Molecular Dynamics and Monte-Carlo simulation methods have been applied in materials research to elucidate
the structure and properties of multicomponent systems. The ab-initio molecular dynamics [51, 52] is high
accuracy method but itis rather limited due to high computational cost. The quality of a model is determined by
the interatomic potentials. For this aspect, density functional theory (DFT) based on ab initio molecular
dynamics has an advantage of having accurate interatomic potential in comparison to other method using
empirical potentials [53—55]. However, it is limited to systems of modest size. The classical molecular dynamics
simulation (MDS) has advantage of low computational cost. The availability of accurate empirical potential
makes the MDS more useful. Therefore, the classical MDS is getting more and more widely applied in material
research [56—68].

Despite their strategical importance in medicine, the relationship between the structure, composition and
activity of bioactive glasses has not been studied in detail [10, 69—76]. The trial-and-error approaches are still the
main method to optimize the composition, structure, and activity of bioactive glasses for new applications. This
fundamental gap negatively affects further progress, for instance, to make bioactive glasses for specific
applications. With the quick develop of information technology (both hardware and software), computer
simulation is a useful method to obtain an atomistic view into the structure and bioactive behaviors and it fills
the gap in fundamental knowledge. Molecular dynamics (MD) simulation now is one of the most effective
methods to clarify structure and properties of bioactive glass at atomic scale. For P,05-Si0, and
Ca0-P,05-Si0,, many researches have been conducted to clarify the -Si-O-P-O-P-O- network structure.
However, the distribution of P> in the silicate network and the effect of alkali and alkaline Earth metals cations
on the network structure and bioactivity of phosphate silicate systems is still in debate [8—14, 24, 33-36,
65,68,73].

In this work, MD simulation is used to investigate the structure of P,Os-SiO, and CaO-P,0s-SiO, systems.
In particularly, the visualization method and recognition technique are applied to clarify the network structure,
distribution of Ca®* ions in the -Si-O-P-O-P-O- network and the microphase separation. The role of Ca®* ions
in the structure and the relationship between structure and composition are also discussed in detail. These
structural data are important bases for designing and manufacturing bioactive materials.

2. Methodology

For investigating the effect of network modifier Ca*" on the structures of phosphate-silicate based glassy
network, phosphate-silicate and calcium phosphate-silicate systems were considered in the present study. The
models of phosphate-silicate (40 mol% P,0Os5 and 60 mol% SiO,) and calcium phosphate-silicate (10 mol%
Ca0, 30 mol% P,0s and 60 mol% SiO,) were constructed by MDS at 3000 K and ambient pressure. Simulations
were carried out using Large-scale Atomic/Molecular Massively Parallel Simulator (LAMMPS) software. The
classical MDS has the advantage of being easy to apply and computationally inexpensive. It allows large models
to be simulated over long timescales. The disadvantage is the limited accuracy of interatomic potentials. In this
work, we used interatomic potentials that was represented by an empirical expression (1) [33, 34, 37].
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Figure 1. Pair correlation function of atomic pair in P,05-SiO, and CaO-P,05-SiO; systems.

q:49;
Uj = —

— Ajjexp (—Bjrj) — Cyjry;® 1)
1

here, Uj;(r) is the interatomic potential; g; and g; are charges of ions i and j (the charge of Ca, Si, P and O is +2e,
+4e, +5e and —2e respectively); r; is the distance between ions i and j; The potential parameters Ay Bjj and Cjj
are given in table 1 [33]. The first term on the right-hand side of equation (1) is Coulomb interactions, the second
and third terms are short range interactions which include attraction and repulsions between ions. Short range
interactions were calculated with cutoff distance of 10 A. Long range Coulomb interactions were calculated by
using the Ewald sum method with a cutoff of 10.0 A and a relative error in forces of 10, The interactions within
10.0 A are computed directly; interactions outside 10.0 A are computed in reciprocal space. Simulation is
performed using LAMMPS software package (version Lammps-30 Jul 16) with time step of 1.0 fs [77]. The
models of 5520 and 5330 atoms corresponding to phosphate-silicate and calcium phosphate-silicate systems
were generated by putting randomly atoms into a periodic box. Then, the models were heated up to 5000 K and
equilibrated at this temperature to get a properly equilibrated liquid. This ensures that the initial configuration
has been removed. Then, these models are cooled down to 3000 K with cooling rate 5 K ps . Then, the model
was relaxed at 3000 K in NPT ensemble at ambient pressure for 10 ns to get equilibrated state at 3000 K and at
ambient pressure. Next, the sample continues to be relaxed in NVE ensemble for a long time (10 ns) to ensure
getting equilibrium state (the temperature and pressure of models are 3000 K and ambient pressure,
respectively). To calculate the structural characteristics, we used the bond distance of 3.3, 2.1 and 2.4 A
corresponding to Ca-O, P-O, and Si-O pairs. These bond distances were chosen based on the first minimum of
the Ca-O, P-O and Si-O RDFs.

In this work, the three-dimensional (3D) visualization techniques have been applied to clarify the -O-P-O-
Si-O network structure and distribution of Ca®* ions in CPS and CP system. The algorithm of 3D visualization
program is as following: 1/Firstly, the TOx polyhdera (T =P, S) in the model are separated into two different
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Table 2. Local structure characteristics of CaO-P,05-SiO, and P,O5-SiO, systems.

N Van Honget al

Bond distance(A) Bond angle (degree)
references Si-O P-O Ca-O O-P-O 0-Si-O
This work 1.6-1.64 1.52-1.56 2.30 110 110
[6] 1.61 1.51 2.37
[7] 1.6 1.48 2.35 109 109
[9] 1.58-1.62 1.53-1.56 2.28-235
[10] 1.6 1.60 2.3/2554-0.05 107.5 108
[14] 1.6 1.50 2.30
[16] 1.61 1.60 2.35
[21] 1.63 1.55 2.32 108.6+ 15 107.5£ 16
[22] 1.52-1.6 2.29-2.41 107.5-109.0
[23] 1.625-1.63 3.08-3.16 2.30-2.37 108.4-109.7
[24] 1.6 1.50 2.30

1.44-1.66
[29] 1.53-1.61 2.35
[30] 1.64-1.66 1.53-1.56 2.46-2.53 109.4 109.3
[33] 1.60-1.61 1.53-1.54 2.30-2.31
[34] 107.8 £ 18.6
[35] 1.61 1.53 2.30 109 109.5

Table 3. Intermediate structure characteristics of CaO-P,05-SiO, and P,05-Si0; systems.

Interatomic distance (A) bond angle (degree)
references Si-Si P-P P-Si Si-O-Si P-O-P P-O-Si
This work 3.25 3.25 3.25 165 165 165
[7] 3.15 3.1 150 152
10 148 145 149
[14] 3.25 3.25 32
[21] 3.01-3.05 121425 124420
[22] 3.05 123.4-132
[23] 145-156
[29]

[30] 144-147
[33] 131-167 139-175 135-171
[34] 160.3 £11.7

CN distribution (%)

5
Coordination number

CN distribution (%)

5
Coordination number

Figure 2. Coordination number distribution of Si-O and P-O pairs in P,05-SiO, and CaO-P,05-SiO, systems.
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Table 4. Distribution of linkages in CaO-P,05-SiO, system (10 mol% CaO, 30 mol% P,05 and 60 mol% SiO,).

N Van Honget al

Linkage Distr. (%) Linkage Distr. (%) Linkage Distr. (%) Linkage Distr. (%)
O-P 3.21 Ca-O-P 4.67 P-O-Si 25.74 Ca-O-PSi 3.13
O-P2 4.29 Ca2-O-pP 1.48 P-O-Si2 15.58 Ca2-0O-PSi 0.85
0O-Si2 16.73 Ca3-O-P 0.03 P-O-Si3 5.03 Ca3-O-PSi 0.05
0O-Si3 1.98 Ca-O-Si 1.10 P-O-Si4 0.55 Ca-O-P2Si 0.27
O-Si4 0.05 Ca2-0O-Si 0.66 P2-O-Si 5.33 Ca-O-PSi2 1.15
Ca3-0O-Si 0.08 P2-0-Si2 3.76 Ca-O-P2Si2 0.14
Ca-O-P2 0.11 P2-0O-Si3 1.51 Ca-O-PSi3 0.25
Ca-O-Si2 1.43 P-O-Si4 0.55 Ca2-0-PSi2 0.08
Ca-O-Si3 0.11
Ca2-0-Si2 0.08
Total 26.26 total 9.75 total 58.05 total 5.93

Table 5. Distribution of OB(P) and OB(Si) in

Ca0-P,05-Si0, system (10 mol% CaO, 30 mol% P,0s and
60 mol% SiO,). Here, OB(P) is bridging oxygen between
PO, and OB(Si) is bridging oxygen between SiOy.

OB(P) Distr. (%) OB(Si) Distr. (%)
0O-P2 4.29 0-Si2 16.73
Ca-O-P2 0.11 0-Si3 1.98
Ca-0-P2Si 0.27 0-Si4 0.05
Ca-O-P2Si2 0.14 P-O-Si2 15.58
P2-0O-Si 5.33 P-O-Si3 5.03
P2-0-Si2 3.76 P-O-Si4 0.55
P2-0-Si3 1.51

Total 15.41 total 39.92

Table 6. Distribution of linkages in P,05-SiO, system (40 mol% P,0O5 and 60 mol%

Si0,).
Linkage Distr. (%) Linkage Distr. (%) Linkage Distr. (%)
O-Si 0.31 O-P 4.69 P-O-Si 28.28
O-Si2 13.13 O-P2 591 P-O-Si2 17.16
O-Si3 1.59 P2-0O-Si 10.05
O-Si4 0.08 P-O-Si3 6.38
P3-0O-Si 0.00
P2-0O-Si2 7.68
P2-0O-Si3 2.92
P-O-Si4 1.09
P-O-Si5 0.05
P2-0O-Si4 0.60
P2-0-Si5 0.08
15.10 10.60 74.30

sets: SiOx and POx-ones; 2/ the SiOx, POx units and Ca atoms are visualized with different color code. The
bonds between Si/P and O atoms in SiOx/POx polyhedra (x =4, 5, 6) are visualized by the cylinders that
connects between Si/P and O atoms. The cluster of POx and siOx is highlighted by translucent sphere with high

contrast colors.

3. Results and discussion

Firstly, to ensure the reliability of model, the structure characteristics are investigated and compared to the
simulation and experiment data in previous works. Figure 1 shows the pair correlation function of P-0, Si-O,
0-0, P-P, Si-Si, P-Si pairs. Results show that the P-O and Si-O bond distances are 1.52—1.56 A and 1.60-1.64 A,
respectively. The P-P, Si-Si and Si-P distances are similar each other and have the value of around 3.25 A.The
P-O and Si-O bond distances characterize the short-range order (SRO) structure that relates to the coordination
polyhedral units SiO, and PO,. The P-P, Si-Si and Si-P distances characterize the intermediate range order
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Figure 3. Snapshot of the network structure of CaO-P205-SiO2 system: network structure, here Ca in black, Siin red, P in blue, O in
green (left); The network structure, in that -P-O-P-O- network is highlighted with blue color, -Si-O-Si-O- network is highlighted with
red color (right).

R0 Y 7 Berag < 4
. O B 3 77
R AR LG
‘1"1 CRAF Deid =

Figure 4. Network structure of CaO-P205-Si02 system removed Ca, here Siin red, P in blue, O in green: The -O-P-O-S§i-O- network
structure (left); The -O-P-O-Si-O- network structure, in that -P-O-P-O- network is highlighted with blue color, -Si-O-Si-O- network
is highlighted with red color (right).

(IRO) that relates to the connection between coordination polyhedral units. The SRO and IRO characteristics
such as the bond length distance, coordination number are very slightly dependent on temperature [78—81]. The
structural characteristics of PS and CPS in this study are in good agreement with the simulation and experiment
data in the works [6, 7,9, 10, 14, 16, 21-24, 29, 30, 33-35], see tables 2 and 3. Figure 2 shows the coordination
number distribution of P-O and Si-O pairs in P,05-5i0, and CaO-P,05-Si0O, systems. It shows that the P°"and
Si*" ions can be surrounded by four, five or six 0%~ cations forming TOy polyhedra (T =P, Si; x =4, 5, 6). Result
reveals that most P> and Si*" ions are surrounded by four O~ cations forming PO, and SiO tetrahedral units.
For the P,05-SiO; system (called as PS for brief), the concentration of SiO,, SiOs, and SiOg octahedral units
are about 75%, 23% and 2%, respectively. Similarly, the concentration of PO,, POs, and POg octahedral units
are about 67%, 18% and 15%, respectively. For CaO-P,05-SiO, system (called as CPS for brief), the
concentration of SiOy, SiOs, and SiOg are around 77%, 21% and 2%, respectively. Similarly, the concentration
of POy, POs, and POg are around 77%, 11.5% and 11.5%, respectively. These results reveal that, the
coordination number distribution of P-O pair in PS and CPS system is almost the same. However, the

6
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Figure 5. Network structure of CaO-P,05-SiO, system, here Ca in black, Siin red, P in blue, O in green: The network structure
removed Si (left); the network structure removed P(right).

coordination number distribution of Si-O pair in PS and CPS system are significantly different. This means that
the Si-O coordination number distribution is significantly affected by CaO content [6, 7, 21, 23].

To clarify the IRO of CPS and PS system, we have investigated the linkage and BO distribution. The
investigated results are shown in tables 4, 5 and 6. For CPS, linkages distribution of OT, (T = Ca, P, Si, y = 1-5)
in table 4 reveals that most of Ca>* ions incorporate into -O-P-O-Si-O- network via Non-Bridging Oxygen
(NBO) of -O-P-O- network and BO between -O-P-O- network and -O-Si-O- ones. The fraction of O that only
links to Caand P is about 6.22% and they form the Ca-O-P, Ca2-O-P and Ca-O-P2 linkages. The fraction of O
forming Ca-O-P, Ca2-O-P and Ca-O-P2 linkages is 4.67%, 1.48% and 0.11%. The fraction of O that only links
to Caand Siis about 3.53%, forming different types of linkages with distribution as following: Ca-O-Si (1.1%),
Ca2 -O-Si (0.66%), Ca3-O-Si (0.08%), Ca-O-Si2 (1.43%), Ca-O-Si3 (0.11%) and Ca2-O-Si2 (0.08%). The
fraction of the O atoms that only links to P is about 7.5% and they form types of linkages with distribution as
following: O-P (3.21%) and O-P2 (4,29%). These linkages form P-rich regions. The O fraction that only links to
Siisabout 18.76% and forms the types of linkage with distribution as following: O-Si2 (16.73%), O-Si3 (1.98%)
and O-5i4 (0.05%). These linkages form the Si-rich regions. The fraction of O that only links to P and Siis about
58%. The fraction of O that links to Ca and both P and Si is about 5.93%, see table 4. The about analysis reveals
that distribution of Ca®* ions in -O-P-O-Si-O- network are not uniform. Ca** ions tend to locate inside -O-P-
O-network and at boundary between -O-P-O- and -O-Si-O- networks. This results in forming Ca-rich regions.
This indicates the structural and compositional heterogeneities in CPS system [21, 23, 30, 33, 35].

The intuitive data and images about the -O-P-O-Si-O- network as well as the structural and compositional
heterogeneities in CPS system are shown in figures 3, 4 and 5. It shows that the network structure of CPS system
coexists two types: -O-P-O- and -O-Si-O- networks. Most Ca™* ions distribute in -O-P-O- network. It once
again reveals the structural and compositional heterogeneities in CPS system [10, 21, 30, 34]. The structural and
dynamical heterogeneities in silicate systems at high temperature also have been reported in work [82-85].

Table 5 shows the distribution of BO(P) and BO(Si), here OB(P) is bridging oxygen between POy polyhedral
units, and OB(Si) is bridging oxygen between SiO, polyhedral units. This reveals that the degree of
polymerization of -O-Si-O- network is higher than -O-P-O- one. The -O-Si-O- network is the main one in CPS
system.

Table 6 shows the distribution of linkages in PS system. Results show that fraction of O that only links to P is
about 10.6% meanwhile the fraction of O that only links to Siis about 15.1%. This shows that, the structure of PS
system also consists of two types of networks -O-P-O- and -O-Si-O- network. The network structure of PS
system is the mixture of the above networks forming P-rich regions besides Si-rich ones, see figure 6.

To clarify more about the network structure of CPS and PS systems, the distribution of Q" units in CPS and
PS systems have been investigated and shown in tables 7 and 8 (here, Q" is the SiOy, POx or TO, (T = Si, P) units
with n bridging oxygens between Si-Si, P-P and T-T, respectively). It reveals that most of SiOy units have one,
two or three BOs that link amongst SiO. It also exists a lot of isolated SiOy polyhedral units that have no BO
connecting between SiOy. These isolated SiOy units only links to Ca or P. In other word, these SiOy units locates

7
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Figure 6. Network structure of P205-SiO2 system: the -P-O-Si-O- network (a); The -O-P-O-Si-O- network, in that -P-O-P-O-
network is highlighted with blue color, -Si-O-Si-O- network is highlighted with red color (b); the -P-O-P-O- network (c); the -Si-O-

inside -O-P-O- networks. The number of isolated SiOy consists of 27 SiO, units, 21 SiOs units and 3 SiOg units,
see table 7. Most PO, units have zero, one or two BOs connecting amongst PO, units. The number of PO, units
have zero, one or two BOs is 184, 273 and 138, respectively. The PO, units with zero BO is isolated units. These
isolated polyhedral units locate inside -O-Si-O- network. Most of TO, have three, four or five BOs. Results also
reveal that most TOs units have 4 or 5 BOs. In 243 TOs units, the number of TO5 with 4 BOs and with 5 BO are
36 and 206, respectively. The number of TOg units is 89, in that six units with 5 BOs, 83 units with 6 BOs. The
distribution of Q™ as well as P°* ions in CPS is especially important in bioactive systems. It determines the
dissolution rate of bioactive system in body fluid, or water. The dissolution rate of bioactive material based on
CPS system can be controlled and tuned by changing their composition and structure. The P,O5 content is a key

parameter to control the structure as well as bioactivity of bioactive systemses.

The distribution of Q" in PS system is shown in table 8. It reveals that most PO, and SiO, have zero, one, two
or three BOs. Most of SiOg are isolated units, or they have only one or two BOs. Meanwhile, most of POg have
three, four or five BOs. The number of POg units is large in comparison to the number of SiOg. Most TOg
octahedra (T = P, Si) have six BOs. in 139 TOg octahedra, there are 136 ones have six BOs (notice: BOs in TOx is
the O atoms that connect between P-Si, P-P or Si-Si atoms). Figure 7 show the O-P-O and P-O-P bond angle
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Figure 7. The O-P-O and P-O-P bond angle distribution in P,05-SiO, and CaO-P,05-SiO, systems.
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Figure 8. The O-Si-O and Si-O-Si bond angle distribution in P,0s-SiO, and CaO-P,05-SiO, systems.

distribution in PS and CPS systems. Result shows that O-P-O bond angle distribution has three peaks at 92, 110
and 175° corresponding to angle in pentahedra, tetrahedra and octahedra. The peak at 92 and 175° for PS is
higher than the ones for CPS. This is due to the concentration of POs and POg units in PS system higher than the
ones in CPS system. The P-O-P bond angle distribution in PS system is like the ones in CPS. This means that the
P-O-P bond angle distribution is almost not been affected by CaO content. Figure 8 shows the O-Si-O and Si-O-
Sibond angle distribution in PS and CPS systems. It shows that, the O-Si-O and Si-O-Si bond angle distribution
in PS system is the same as in CPS. This means that the -O-Si-O- network structure is not dependent on CaO
content. Figures 9 and 10 show the O-T-O and T-O-T bond angle distribution on PS and CPS systems. Results
show that, the T-O-T bond angle distribution in PS and CPS systems is the same. The O-T-O bond angle
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Figure 9. The T-O-T and P-O-P bond angle distribution in P,05-Si0, and CaO-P,0s-SiO, systems.

Table 7. Distribution of Q" units in CaO-P,05-SiO, system (10 mol% CaO, 30 mol%
P,05 and 60 mol% SiO,), here Q" is the SiO,, POx or TO, (T = Si, P) with n bridging
oxygens between Si-Si, P-P and T-T, respectively.

Q" Q’ Q' Q Q’ Q* Q Q° Total
SiOy 27 171 231 141 38 — — 608
SiO5 21 51 57 27 5 1 — 162
SiOg¢ 3 4 1 1 0 0 10
PO, 184 273 138 23 2 620
POs 1 13 37 24 6 0 81
PO 0 0 11 24 32 9 3 79
TO, 0 7 88 382 750 1227
TOs 0 0 0 1 36 206 243
TOg 0 0 0 0 0 6 83 89

Table 8. Distribution of Q" units in P,05-SiO, system (40 mol% P,05 and 60 mol%
Si0,), here Q" is the SiO,, POx or TO, (T = Si, P) with n bridging oxygens between Si-

Si, P-P and T-T, respectively.

Qn Q’ Q' Q Q Q' Q Q° Total
Si04 58 194 188 83 20 0 0 543
SiO5 28 63 55 12 2 0 0 160
Si06 6 7 2 1 1 0 0 17
PO4 88 251 236 95 12 0 0 682
PO5 1 10 40 54 47 4 0 156
PO6 0 0 17 28 47 22 8 122
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distribution in PS and CPS is significantly different about the peak height. This reveals that, the SRO in PS and
CPS is quite different. In other word, the CaO content strongly effects to the IRO of CPS. The Q" distribution in
PSand CPS is quite different. This means that, the CaO content affects strongly the Q" distribution and the
degree of polyamorphism of CPS system CaO.

4, Conclusion

The structure and network topology of PS and CPS have been studied systematically by molecular dynamics
simulation and visual analysis method. Structure of PS and CPS is formed from TO, (T =4, 5, 6) coordination
units. These units connect to each other via BOs forming network of TOx. The Ca** ions tend to locate nearby
NBO or BO that connects between SiO, and PO, units. The network structure of PS and CPS systems consists of
two networks: -O-P-O-P-O- and O-Si-O-Si-O- network. The Ca®" ions tend to incorporate into network via
BOs, mostly via BO(P). The structure of PS and CPS systems exhibits the structural and compositional
heterogeneities. It forms the P-rich regions besides the Si-rich regions. In the CPS, it also forms the Ca-rich
regions, this is also the Si-poor regions. Ca-rich regions tend to locate at boundary between PO, and
SiO,-networks. The CaO content affects significantly the Q" distribution and degree of polymerization of the
network structure. The data about the structure of CPS and PS systems are the key information for research and
development the bioactive material that bases on multicomponent oxide system.
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