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bstract

ioactive sol gel glasses, based on the ternary system 15CaO·5P2O5·80SiO2, doped with Cu were synthesized and characterized in order to define
he oxidation state of Cu as a function of thermal treatments. In particular, we were able to optimize the condition to obtain: (i) the reduction of
u2+ to Cu0 followed by nano-aggregation of metal nano-particles (MeNPs) into glass matrix; (ii) a mixed Cu2+/Cu+/Cu0 NPs-containing glasses;

iii) a Cu2+-containing glasses.
Successively, the surface of sol–gel glasses was functionalized by means of organic molecules (amino and mercapto alcohols) to give rise to a

ystem that can interact with the functional groups of the drugs. The functionalization was carried out as a function of the sol–gel glass composition,
rganic molecules concentration and temperature of the process; the results indicate a preference for the amino groups. The bioactivity (formation

2+
f an apatitic layer after simulated body fluid SBF test) was verified for the functionalized sol–gel Cu -containing glasses and they are still
ioactive.

 2012 Elsevier Ltd. All rights reserved.
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.  Introduction

In the field of traditional biomaterials, e.g. bioactive ceramics,
he importance and use of bioglasses for various clinical applica-
ions has been studied for a long time. Bioglass® 45S51 is the first
ell studied glass and later other bioactive glasses were derived

rom 45S5 system. The peculiarity of these glasses is their bioac-
ivity which means formation of an apatitic layer (constituted of
patite, HA, and/or hydroxycarbonate apatite, HCA) after chem-
cal reaction(s) with the body fluids.2 The main applications of
hese bioactive glasses in the clinical field are (i) the filling of
sseous cavities, (ii) the reconstruction of maxillofacial defects,
nd (iii) the production of dental devices.

Bioactive glasses exhibit ideal characteristics of a drug deliv-
ry systems (DDS).3,4 They can transport an active dosage of a

rug molecules to the target site without any premature leaking
nd negative effect on other body areas.5–7 The characteristics of

 material could be tailored in order to confine a drug into a DDS
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nd control its release. In general, high specific surface area and
ptimum porosity, depending on the size of the drugs, are the
rimary prerequisites. In addition, the presence of the drug on
he surface of a biomaterial is controlled by the chemical nature
f the surface.8

Gel bioactive silica-based glasses (e.g. based on the
iO2–CaO–P2O5 composition) can be considered as good can-
idates for drug delivery activity2 as they show high specific
urface area with micro- and meso-porosity. These SiO2-based
iomaterials are constituted of silanol groups (Si–OH) that can
nteract with the functional groups of drugs and based on the
trength of these interactions, the retention of drug molecules
an be modulated.9,10 Further, Si–OH groups are able to undergo
hemical modifications with organic groups through function-
lization process. The surface modifications can be performed
epending on the functional groups of the drug molecules
dsorbed on the surface.

A functionalization of a material can also be performed

y means of metal nanoparticles (MeNPs, with Me = e.g. Au,
g)11,12 that can act as direct therapeutic agents and/or carrier
f biological active molecules. In addition, copper nanoparti-
les (CuNPs)13,14(and reference therein) have also presented optical

http://www.sciencedirect.com/science/journal/09552219
dx.doi.org/10.1016/j.jeurceramsoc.2012.02.058
mailto:gigliola.lusvardi@unimore.it
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roperties similar to those of AuNPs and AgNPs. More-
ver, the usefulness of copper as antibacterial agent has been
nown for long time.15–17(and reference therein) Copper is an effec-
ive agent with low toxicity, which is especially important in
he antibacterial treatment. Several methods14 (radiation meth-
ds, microemulsion techniques, laser ablation, chemical vapor
eposition) are proposed for the synthesis but they are some-
imes expensive, long time consuming and cause aggregation
f CuNPs leading to decrease of their chemical and antibacte-
ial properties. The use of a supporting material can modulate
he release of copper and improve the properties. In order to
nhance chemical durability inorganic Cu-supported materials
re preferred over organic ones.18

Recently, we have performed studies on bioactive material
ased on the ternary glasses 15CaO·5P2O5·80SiO2 contain-
ng gallium ions and AuNPs respectively and dealt with topics
ike DDS, metal nanoparticles and drug functionalization.19,20

ioactive sol–gel Ga-containing glasses were loaded with cur-
umin and it was found that gallium in glass matrix increases
ncorporation of drug and slows down their release in the bio-
ogical medium. Moreover curcumin in solution stabilizes Ga3+

ons and prevents its precipitation. This system was proposed
s a new type of DDS due to combined activity of therapeutic
etal ions and drug molecules.
In the other case, we have synthesized glasses contain-

ng AuNPs20 which present best characteristics possessed by
 bioactive materials, i.e. high surface area, high amount of
uNPs, presence of micropores and large concentration of

urface OH groups. Moreover,21 these glasses were function-
lized with small molecules carrying either/both amino (–NH2)
r/and thiolic (–SH) groups. The functionalization occurred only
hen Au was present and preferentially with amino groups at

oom temperature with a weak Au–N linkage. But on vary-
ng the temperature it was possible to obtain a strong Au–S
nteraction. This indicated that it is possible to obtain differ-
nt bonds with different strengths and consequently, different
elease times in solution leading to a wide range of possible
pplications.

Finally,22 we have prepared a novel bio-conjugate materials
here soybean peroxidase was immobilized (by covalent link-

ge) on AuNPs containing bioglasses. This material is able to
aintain its activity over time, decreased the oxidative stress
hen in contact with MG-63 cells and also does not inhibit
ioactivity.

The literature data available so far indicates that not much
ork has been done on CuNPs as compared to Au and Ag.23

herefore, with our recent experience on metal nanoparti-
les in a glass matrix, this study is focused on the synthesis
nd physicochemical characterization of potentially bioactive
opper-containing glasses. The glasses based on the ternary glass
5CaO·5P2O5·80SiO2 (referred as SG sample) and doped with
u (referred as SGCu sample) are obtained through sol–gel

oute. Later, the surface of SGCu glass is functionalized by

eans of organic molecules (amino and mercapto alcohols). Our

ims include defining the oxidation state of copper as a function
f the thermal treatment and to obtain a system that can interact
ith the functional groups of the drugs. Finally, bioactivity test
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n a simulated body fluid (SBF) is performed on the functional-
zed SGCu containing glasses in order to verify their capability
o form hydroxyapatite (HA) layer.

. Materials  and  methods

.1.  Glasses  synthesis

Two glass systems, with molar composition
5CaO·5P2O5·80SiO2·xCuO (with x  = 0 and 1; the cop-
er amount is conventionally indicated in the oxidic form CuO),
ere synthesized using a sol–gel route and are referred as SG

nd SGCu, respectively.
The SGCu sample was prepared using tetraethyl orthosilicate

TEOS), triethyl phosphate (TEP), calcium nitrate tetrahy-
rate (Ca(NO3)2·4H2O), and copper(II) nitrate trihydrate
Cu(NO3)2·3H2O) as sources of SiO2, P2O5, CaO, and CuO,
espectively.

Specific amounts of Ca(NO3)2·4H2O and Cu(NO3)2·3H2O
ave been added to a 1:10 mixture of HCl (0.1 M) and H2O
Milli-Q). This aqueous solution was added to 40 mL of ethanol
n which TEOS and TEP had been sequentially added, in order
o obtain the desired stoichiometric composition.

The same procedure, but without the addition of
u(NO3)2·3H2O, has been used to prepare the corresponding
G sample. In all cases the HCl + H2O/TEOS + TEP molar ratio
as 8.
The solutions were then stirred for 1 h and cast in teflon con-

ainers. These containers were hermetically closed and kept for
 day at room temperature for gelation. The obtained gels were
hen aged for 1 day at 60 ◦C and later calcined for 3 h in an open
t crucible at increasing temperatures (600, 1050 ◦C). Finally
btained samples are referred to as SG 600 or SGCu 600, and
G 1050 or SGCu 1050.

The temperatures employed for different thermal treatments
ave been chosen so as to obtain (i) aged gels (60 ◦C), (ii) gel
lasses (elimination of solvents and reagents residues, 600 ◦C),
nd (iii) glass ceramics (1050 ◦C).

Another experiment (impregnation) was carried on the SG
lasses in which 2 g of SG 600 were immersed for 1 h in 14 mL
f 0.28 M Cu(NO3)2·3H2O. The obtained blue gel was aged
t 60 ◦C followed by heat treatment at 700 ◦C in N2/H2 atmo-
phere for 2 h. This sample is referred as SGCu 700 (N2/H2).
his procedure was optimized in order to obtain CuNPs into the
lass matrix by varying the concentration of copper nitrate and
oaking time of powders into the solution. While the thermal
reatment at 700 ◦C was reported to be able to promote the Cu2+

eduction to Cu0 and nano-aggregation of Cu metal NPs on silica
urface.14

After thermal treatments at 600 ◦C and 1050 ◦C, Cu-
ontaining powders were blue and grey coloured, respectively.

hile after 700 ◦C in N2/H2 atmosphere they were brown-red

oloured.

The aged/calcined powders were ground in an agate mor-
ar and sieved in order to isolate the fraction of particles with

 < 50 �m.
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Table 1
Composition (mol%) of aged gels dried at 60 ◦C and calcined at 600 ◦C (±SD).

SiO2 CaO P2O5 CuO

S 4.5 ±
S 4.6 ± 1
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the 200–350 nm range, is present broad band centred at
around 270 nm probably due to the LMCT O →  Cu2+.25 In
addition, the SGCu 600 sample shows a band centered at
G 600 80.2 ± 1.0 1
GCu 600 79.5 ± 1.0 1

The experimental compositions, reported in Table 1, were
etermined after dissolution of the samples by means of Induc-
ively Coupled Plasma (ICP).

.2. Preparation  of  functionalized  Cu-containing  glasses

The functionalization process was carried out by dipping
00 mg of SG 600 into 40 mL of a 10 mM, 1 mM aque-
us solution and also 0.5 M ethanol solution of the selected
olecules: 2-amino-1-ethanol (referred as 2-NH2), 6-amino-1-

exanol (referred as 6-NH2), 2-mercapto 1-ethanol (referred as
-SH), 6-mercapto 1-hexanol (referred as 6-SH), all provided
y Sigma–Aldrich, 99% of purity). The reaction was stirred for

 h and carried out at different temperatures: 4 ◦C, room temper-
ture (RT = 20 ◦C) and 37 ◦C. The same procedure was utilized
or SGCu 600 sample.

Successively, the particles were filtered, washed with a large
mount of bidistilled water, and dried under gentle nitrogen gas
ux.

The stability of the interaction deriving from the function-
lization was investigated by dipping 250 mg of functionalized
amples in 15 mL of bidistilled water and monitoring the release
f the ligand after 1 and 7 days.

.3. In  vitro  bioactivity  studies

In order to evaluate bioactivity, we used the simulated body
uid (SBF) proposed by Kokubo et al.24 SBF is an acellular
queous solution with an inorganic ion composition almost equal
o human plasma. The bioactivity response of the materials was
valuated on the surface of powder samples (250 mg) after being
oaked in 50 mL of SBF for 7 days.

.4. Characterization

The spectroscopic properties of the SG and SGCu sam-
les, after different thermal treatments and functionalization
teps, were obtained by the analysis of UV–vis spectra with

 HP diode-array spectrophotometer (model 8452-A) in the
90–950 nm spectral range, by using the diffuse reflectance
echnique and a BaSO4 plate as reflectance standard.

Surface morphology and its composition, before and after
hermal treatments, was examined by means of environmen-
al scanning electron microscopy (ESEM, FEI Quanta 200, Fei
o.), equipped with an energy dispersive spectroscopy (EDS)

nstrument (INCA 350, Oxford Instruments, UK). Data deriving

rom two different samples with the same nominal composition
ere obtained analysing four different areas of each sample.
XRD pattern were collected before and after the thermal treat-

ents and SBF soaking in the 2θ  range (5 ◦< 2θ  < 55◦) with a
F
m

 0.5 5.3 ± 0.3
 0.5 4.8 ±  0.3 1.1 ± 0.

ime step of 50 s and step size of 0.03◦, by means of an X-
ay diffraction apparatus (Panalytical X’PertPro), equipped with
i-filtered Cu K�  radiation (λ  = 1.54060 Å).
The amount of organic molecules (2-SH, 6-SH, 2-NH2 and

-NH2) presents on the glass surface after the functionalization
tep was estimated by the evaluation of the % content of N, C, H
nd S by Elemental Analysis (CE Instrument, mod. EA1 110).
he estimation of the quantity of organic molecules (mmol)
resent on 100 mg of sol–gel glass samples after the functional-
zation was performed using the %S for the thiol-alcohols and

N for the amino-alcohols species.

. Results  and  discussion

The results are subdivided in two parts: the first one (Part A)
s related to the synthesis and characterization of SGCu sam-
les. This deals with the best synthesis procedure to define the
xidation state of copper and to verify the presence, shape and
istribution of CuNPs.

The second one (Part B) is related to the functionalization of
GCu 600 sample compared with SG 600 one, as a function of

ype and concentration of organic molecules and temperature of
he functionalization process.

.1. Part  A

.1.1. UV–vis  spectroscopy
In the Fig. 1 are reported the UV–vis spectra (range

00–850 nm) of SG 600, SGCu 600, SGCu 1050 and
GCu 700 (N2/H2). The sample SG 600 shows two bands

n the 200–350 cm−1 range centered at around 220 and
10 nm, due to the ligand–metal charge transfer (LMCT)
f O →  Si. In the SGCu 600, SGCu 1050 samples, in
ig. 1. UV–vis spectra of SG and SGCu samples after different thermal treat-
ents.
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Fig. 2. XRD patterns of SGCu samples after different thermal treatments: sym-
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osition.

00 nm characteristic of d–d  transitions of Cu2+ in octahedral
oordination.25

The SGCu 700 (N2/H2) shows the characteristic plasmonic
and of metallic Cu nanoparticles (CuNPs) at about 580 nm14,26

ccompanied with a drastic reduction of the bands in the
00–350 nm range, suggesting a reduction of Cu2+ to Cu0. In
he SGCu 1050 there are again the above mentioned bands and
n addition a very weak band at about 480 nm due to charge-
ransfer metal to ligand (MLCT) Cu+ →  O (the oxygen anions
re referred to that present in the glass matrix),25 indicating that
his thermal treatment does not reduce completely the Cu2+ion
o Cu0.

.1.2. X-ray  diffraction
XRD pattern (see Fig. 2) of SGCu 600 exhibits a broad enve-

ope centred at 2θ  ≈  22 ◦characteristic of the amorphous phase.
imilar pattern is observed in SGCu 700 (N2/H2) along with typ-

cal peaks corresponding to Cu0 are detected (JCPDS 04-0836:
1 1 1) I/I = 100%, d  = 2.09 Å, 2θ  = 43.21◦; (2 0 0) I/I = 28%,
0 0

 = 1.81 Å, 2θ  = 50.35◦)27 confirming previous results.
The XRD pattern of SGCu 1050 (Fig. 2) is character-

stic of a more crystalline sample in which the peaks are
t
o

Fig. 3. SEM micrograph (a) and corresponding ED
eramic Society 32 (2012) 2777–2783

elonging to those of Ca3(PO4)2 (JCPDS 86-1585: (2 2 1),
/I0 = 100%, d  = 2.91 Å, 2θ  = 30.69◦; (1 1 0) I/I0 = 40%,

 = 2.62 Å, 2θ  = 34.17◦) and of �-Ca3(PO4)2 (JCPDS 29-0359:
0 3 4), I/I0 = 100%, d  = 2.91 Å, 2θ  = 30.69◦; (1 3 2) I/I0 = 51%,

 = 3.88 Å, 2θ  = 22.86◦; (3 3 5) I/I0 = 41%, d  = 2.86 Å,
θ = 31.27◦; (2 6 1) I/I0 = 28%, d  = 3.70 Å, 2θ  = 24.02◦).27

These are the most important crystalline phases but
t is also possible to identify Cu0 (JCPDS 04-0836:
1 1 1) I/I0 = 19%, d  = 2.08 Å, 2θ  = 43.42◦; (2 0 0) I/I0 = 10%,

 = 1.81 Å, 2θ  = 50.27◦).27 The peaks of Cu0 are not so intense
nd well resolved as in the case of SGCu 700 (N2/H2) which
ndicates incomplete reduction from Cu2+ to Cu0.

.1.3. Scanning  electron  microscopy
A morphological and compositional characterization reveals,

nly in the case of SGCu 700 (N2/H2) (Fig. 3, sections a–c),
he presence of spherical particles (section a: white particle;
ection b: corresponding EDS) in the range of 150–400 nm of
imension and mainly constituted of Cu. These particles are
istributed onto the glass surface (section a: darker area and
ection c: corresponding EDS) that is constituted of Si, Ca, P
nd O.

These results were very similar to that reported in our
revious study20 on the formation of AuNPs onto the glass
urface. This evidence put in light that the synthetic route in
ontrolled/reduction (N2/H2) atmosphere allowed to obtain a
omplete reduction of Cu2+ to Cu0 with a consequent forma-
ion of CuNPs (nano-aggregation) on the glass matrix surface.
owever, the presence of CuNPs in the bulk material cannot be

xcluded.
The morphological and compositional analysis of SG 600,

GCu 600 and SGCu 1050 samples (data not reported for shake
f brevity) showed a homogenous morphology and composi-
All these results are in agreement with each other and indicate
hat it is possible to define in a glass matrix the oxidation state
f Cu as a function of thermal treatments.

S spectra (b and c) of SGCu 700 (N2/H2).
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Table 2
Millimole of alcohols loaded on the 100 mg of SGCu 600 ◦C as a function of
concentration and temperatures determined on the basis of elemental analysis.

4 ◦C 20 ◦C 37 ◦C

SGCu 600 (2-NH2) 0.01 M 0.013 0.011 0.007
SGCu 600 (2-NH2) 0.1 M 0.035 0.043 0.061
SGCu 600 (2-NH2) 0.5 M (EtOH) 0.106 0.098 0.072
SGCu 600 (6-NH2) 0.01 M 0.019 0.018 0.021
SGCu 600 (6-NH2) 0.1 M 0.033 0.043 0.035
SGCu 600 (6-NH2) 0.5 M(EtOH) 0.053 0.050 0.037
SGCu 600 (2-SH) 0.01 M 0.000 0.000 0.000
SGCu 600 (2-SH) 0.1 M 0.005 0.000 0.001
SGCu 600 (2-SH) 0.5 M (EtOH) 0.009 0.027 0.017
SGCu 600 (6-SH) 0.01 M 0.019 0.027 0.027
SGCu 600 (6-SH) 0.1 M 0.051 0.033 0.070
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Table 4
Millimole of alcohols loaded on 100 mg of SGCu 600 ◦C after 1 and 7 days of
water treatment at 37 ◦C.

0 1 day 7 days
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l
amino-groups release is slower than the mercapto-groups. In fact
amino groups can interact with both Cu2+ and OH− ions of the
glass, while mercapto-groups can only interact with the Cu2+

ions.

0

0,2

0,4

0,6

0,8

1a

200 250 300 350 40 0 450 500 550 60 0 650 700 750 80 0 850
wavel enght [nm]

A
b

s

SGCu_600_2NH

SGCu_600_6NH

1

GCu 600 (6-SH) 0.5 M (EtOH) 0.006 0.009 0.009

.2.  Part  B

.2.1. Elemental  analysis
Table 2 summarize the results of elemental analysis carried

ut on SGCu 600 glass as a function of temperature, type and
oncentration of molecules.

In the case of samples with the same concentration and alkyl
hain, the amino-groups interact more easily with the glass
ith respect to thiol-groups. At low concentration (0.01 M), for

he amino-alcohols, the long chains (6-NH2) are favoured with
espect to the shorter (2-NH2). On the other hand, just the oppo-
ite was observed for the other concentrations (0.1 M and 0.5 M).
t low and medium concentration (0.01 M and 0.1 M), for the
ercapto-alcohols, the long chains (6-SH) are favoured with

espect to the shorter (2-SH) and vice versa for 0.5 M.
In general, with an increasing of the functionalization

olecules concentration we found an increment of molecules
inked on the sample surface. An inverse behaviour is detected
n the case of 6-SH (0.5 M) which is probably due to the dimer-
zation of thiols with formation of S S bond that inhibits the
unctionalization.

Finally, considering the effect of temperature, it may be noted
hat the amino-groups are favoured at 4 ◦C, while thiol-groups
t 20 ◦C or 37 ◦C.

Instead, results deriving from Table 3 report the effect of the
resence of Cu in the glass: thiol-groups interact only with SGCu
nd amino groups with SG and SGCu but preferentially with SG.
he amino groups give rise to a hydrogen bond with OH groups
f the glass, while thiol-group can interact only with Cu2+ ions.

28 2+
s reported previously, the affinity of Cu for N is higher
han for S and this explain the higher amount of amino-ligand
inked with SGCu.

able 3
illimole of alcohols 0.01 M loaded at 20 ◦C on 100 mg of SG 600 ◦C and

GCu 600 ◦C.

GCu 600 (6-NH2) 0.018 mmol
G 600 (6-NH2) 0.033 mmol
GCu 600 (6-SH) 0.027 mmol
G 600 (6-SH) 0.000 mmol F

a

GCu 600 (2-NH2) 0.5 M (EtOH) 0.106 0.051 0.014
GCu 600 (2-SH) 0.5 M (EtOH) 0.009 0.000 0.000

.2.2.  UV–vis  spectroscopy
These results confirm elemental analysis results and here are

eported some of the most significant spectra. In the case of
mino-alcohols, Fig. 4a indicates a shift from 800 nm to about
60 nm due to the d–d band transitions of Cu2+ ions. This is due
o the presence of N-ligand with respect to O-ligand. The band on
he metal–ligand charge transfer N →  Cu2+ falls around 300 nm
nd it is difficult to detect it because of the presence of MLCT
f O →  Si in the same range.25 Fig. 4b reported the spectra
fter functionalization with mercapto-alcohols. The main differ-
nce between these spectra and that of SGCu 600 (Fig. 1) is the
omparison of the band due to the charge transfer metal–ligand

 →  Cu2+ which falls between 350 and 400 nm25 indicating
unctionalization has occurred. The metal–ligand charge trans-
er band S →  Cu2+ is more evident for the 6-SH chain and this
s in agreement with elemental analysis results.

Finally, Fig. 5a and b report the effect of the temperatures
here amino-groups interact better with the glass when the
ptake is carried out at 4 ◦C and thiol-groups when is carried
t 20◦ C or 37 ◦C.

The stability of functionalization was assessed as a result of
eaching tests in water (Table 4) and for the same alkyl chain;
b
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wavel enght [nm]
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s

SGCu_600_2SH

SGCu_600_6SH

ig. 4. UV–vis spectra SGCu samples after functionalization with amino-
lcohols (a) and mercapto-alcohols (b).



2782 A. Bonici et al. / Journal of the European Ceramic Society 32 (2012) 2777–2783

Table 5
Characteristic peaks of HA (JCPDS 9-432) identified after 7 days in SBF.

2θ d (Å) I/I0 Counts 2θ d (Å) I/I0 Counts

S
S

i
b
a
s

a
(
n
r
m

F
a

F
a

4

I
p
I
C
a
a

GCu 600 (2-NH2) 31.6 2.83 100 

GCu 600 (2-SH) 31.6 2.83 100 

This different release behaviour can be utilized in the biomed-
cal field. If the compounds with pharmacological effects must
e released gradually in the body it can be linked to amino-
lcohols functionalizing molecules, as it is characterized by a
low release over time and vice versa for mercapto-alcohols.

Bioactivity test in SBF indicate that the functionalized glasses
re bioactive. XRD patterns reveal the characteristic peaks of HA
JCPDS 9-432)27 (Fig. 6). The resolution, in terms of counts
umber for each peak, is better for the mercapto-alcohol with

espect to the amino-alcohol (see Table 5), indicating of a little
ore crystalline HA.
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ig. 5. UV–vis spectra SGCu samples after functionalization with amino-
lcohols (a) and mercapto-alcohols (b) at different temperatures.

ig. 6. XRD patterns of SGCu samples (with and without functionalization)
fter 7 days of soaking in SBF: symbol � indicates the peaks position of HA.
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.  Conclusion

In the present study we successfully achieved our set goals.
n fact, on the basis of the different thermal conditions it is
ossible to have glasses with different oxidation states of copper.
n particular we obtained Cu2+-containing glasses at 600 ◦C,
uNPs of spherical shape into glass matrix at 700 ◦C (controlled
tmosphere) and a mixed Cu2+/Cu+/Cu0 NPs-containing glasses
t 1050 ◦C.

The functionalization of SGCu 600 glass indicate a prefer-
nce for the amino groups due to higher affinity of Cu for N
nd the hydrogen bond between amino groups and OH− ions of
he glass. On the other hand, mercapto-groups can only interact
ith the Cu2+ ions. In addition, these functionalized glasses are
ioactive, in term of HA formation.

These results are important in the context of biomaterials and
llow us to assert that these systems can be proposed as DDS
ith a modulation of the drug kinetic release.
Further studies are needed to verify the possibility to func-

ionalize the SG containing CuNPs in order to better understand
he behaviour of these glasses.
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