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NANOPARTICULE DE FOSFAT DE CALCIU DOPATE CU IONI DE Cu*-
POSIBIL SUBSTRAT PENTRU ELIBERAREA CONTROLATA
A MEDICAMENTELOR
NANO CALCIUM PHOSPHATE DOPED WITH Cu’" IONS —
POSSIBLE CARRIER FOR DRUG DELIVERY SYSTEMS
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The purpose of this paper is to assess whether
calcium phosphate nanoparticles may be potential carriers
of different cations. Recent advances in nanotechnology
show that nanoscale particles may play an important role in
tissue engineering in medicine or in their use as substrates
for controlled drug release. The calcium phosphate
nanoparticles were obtained from (NH,).HPO, 0.3 M and
Ca(NO;),4H,0 0.5 M by coprecipitation technique and the
hybrids calcium phosphates - copper ions were obtained by
the similar cold-wet method, in the presence of ammonium
hydroxide. The synthesized samples were analyzed by X-ray
diffractometry, Fourier transform infrared spectrofotometry
(FT-IR), energy dispersive X-ray analysis (EDAX) and the
micrographs were determined by scanning electron
microscopy (SEM). Calcium phosphates are widely used as
implantable bioactive agent that replaces defect bone
tissues and can serve, also, as substrate for binding of
cations, for provide bioactivity and biological interactions or
could be used as drug deliveries.

Scopul acestui studiu este de a evalua daca
particulele de fosfat de calciu pot fi utilizate ca substrat
pentru diferiti cationi. Cercetari recente in domeniul
nanotehnologiei arata ca dimensiunile nanometrice ale
particulelor pot juca un rol important in ingineria
tesuturilor, in medicinad sau in utilizarea lor ca substraturi
de eliberare controlata a medicamentelor. Nanopulberi de
fosfat de calciu au fost obtinute prin tehnica precipitarii din
(NH,),HPO, 0.3 M si Ca(NO;)4H,0 0.5 M iar hibrizii fosfat de
calciu — ioni de cupru au fost obtinuti prin aceeasi metoda
umeda, la rece, in prezenta hidroxidului de amoniu. Probele
sinterizate au fost analizate prin difractometrie de raze X,
spectroscopie in infrarosu cu transformata Fourier (FT-IR),
energy dispersive X-ray analysis (EDAX) iar micrografiile au
fost realizate prin microscopie electronica de baleiaj (SEM).
Fosfatii de calciu sunt utilizati pe scara larga ca agenti
implantabili bioactivi care inlocuiesc tesuturi osoase
defecte si pot servi, de asemenea, ca substrat pentru
legarea cationilor, pentru a oferi bioactivitate si interactii

biologice sau pot fi utilizati ca sistem de eliberare
controlata a medicamentelor.
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1. Introduction

The nanoparticles ( particles smaller than
100 nm) are studied by many researchers due to
their applications in various fields such as:
medicine, electronics, optics, due to chemical and
physical properties that they possess, properties
that differ with as their size decreases.
Nanoparticles on the basis of calcium phosphate, it
can be use, due to their excellent biocompatibility
properties, as the base for substitution with other
atoms, which in their turn can bind a variety of
organic and inorganic components (hormones,
cancer drug, an antibiotic, etc.) [1-11] to be taken to
the sick organ (target) or may be used, due to the
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similarity with biological apatite for regeneration of
bone and teeth [7,8]. The calcium phosphates are
known able to promote new bone formation and
have been already used for repair of periodontal
defects, orthopedic and maxillofacial applications
[12], also may have applications in many other
medical fields [13, 14]. Copper is an essential
element in the body, having different roles in its
functioning: the presence of the Cu** ions can have
effects on the proper functioning of elastin and
collagen, contribute to the synthesis of
phospholipids, has anti-inflammatory and anti-
infective properties, is used to treat rheumatoid
arthritis, cofactor for the enzyme systems and has
a angiogenic potential on blood vessels, etc.[7].
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pentru eliberarea controlatd a medicamentelor

The substitution of ions in hydroxyapatite structure
may make changes in its properties such as
crystallinity, morphology leading to new uses of this
material doped. The purpose of this study is to
prepare the compound based on calcium
phosphates and copper, due to the biocompatibility
of the calcium phosphate and the multiple roles
that copper has in the body.

2. Experimental

In this study, the nano-particles of calcium
phosphate were prepared by cold co-precipitation,
and the copper was added in the form of sulfate in
a percentage of 1%and 3%.

It were synthesized nanopowders from
materials of purity pa: (NH,4),HPO, (Sigma-Aldrich)
(0.3 M), Ca(NO3),*4H,O (Sigma-Aldrich) (0.5M),
CuS0O45H,0 (Consors) and NH,OH (Sigma-
Aldrich) (0.3M). (NH4).HPO, and NH4OH was
added dropwise, over reactants and they were
mixed for 24 hours, according to the diagram
presented in Figure 1.

After drying at 100°C the precipitates were
termic treated at 500°C and 800°C, to facilitate
entering copper.

The synthesized sample were analyzed by
X-ray diffractometry using a SHIMATZU XRD 6000
diffractometer, with CuKa (A=1.5405 A) radiation,
scanning speed 20/min., in 20 = 10 - 55 grd range.
Fourier transform infrared (FT-IR) spectrofotometry
spectra were recorded with Bruker TENSOR 27
spectrometer, over the region of 500-4000 cm™ at
a scan rate of 4 cm™, for determine the possible
changes in the bonds between the elements of
powder obtained. The micrographs were obtained

using a Quanta Inspect F scanning microscope
and the elemental composition was determined by
energy dispersive X-ray spectroscopy (EDAX).

3. Results and discussions

The dried and annealed powders were
characterized by XRD, in order to obtain
information about their crystallization tendency.

In Figure 2 it is observed that the undoped
powder, thermally treated at 500°C/ 2 hours, are
highlighted the specific interferences for monetite,
H(Ca(PO,) and hydroxyapatite, Cas(PO4);(OH)
(JCPDS file 01-080-7086). Increasing the
sintering temperature at 800°C determine the
mentioned phases, to turn into [(-calcium
phosphate, Ca3(PO4),) (JCPDS file 04-008-8714)
(Figure 3).

For samples doped with 1% and 3% of
copper ion, at 500°C the single phase is
hydroxyapatite, Cas(PO,);(OH) (JCPDS file 00-
009-0432) as shown in Figure 4, that turns into
calcium phosphate, Caz(PQO,),) (JCPDS file 04-
006-2291) and tenorite, CuO (JCPDS file 04-007-
0518) (Figure 5), at 800°C. Crystallographic
parameters of the lattice of hydroxyapatite powder
undoped obtained at 500°C (a (A) 9.4500, b (A)
9.4500, c (A) 6.9000) and those of hydroxyapatite
powder doped with copper ions (a (A) 9.4180, b
(A) 9.4180, ¢ (A) 6.8840) are different, which may
explain the increase in intensity of the
characteristic peaks for doped hydroxyapatite.
Note also that the characteristic peaks of Hap,
were little changed with the addition of copper ions
and the theta angle values was bigger. All of these
can be attributed to the intercalation of Cu®* ions in
Hap lattice.

(NH,4),HPO40.3M

Homogenization,pH=9.5

24h

Ca(NO3);4H,0
0.5M

¢

.
> Filtration

)

NH,40H 25%

(NH,),HPO,0.3M

Washing withwater

—

Drying and Heat
treatment
~——

Ca(NO3),4H,0
0.5M

Homogenization,pH=9.5

24h

CuSO,5H,0 3M
3

NH,4OH 25%

1
> Filtration

Washing withwater

N Z—

Drying and Heat
treatment
——

Fig. 1 - The steps for the preparation of calcium phosphate powder and calcium phosphate substituted with copper ions / Etape in
prepararea pulberilor de fosfati de calciu si fosfati de calciu substituiti cu ioni de cupru.
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Fig. 2- Diffraction pattern for the calcium phosphate powders,
annealed at 500°C/2h/ Difractograma pulberilor de
fosfat de calciu, tratate termic la 500°C/2h.
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Fig. 3 - Diffraction pattern for the calcium phosphate powders,
annealed at 800°C/2h/ Difractograma pulberilor de
fosfat de calciu, tratate termic la 800°C/2h.
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Fig. 4 - Diffraction pattern for the calcium phosphate
powdersdoped with 1% (a) and 3%(b) copper ions
annealed at 500°C/2h / Difractograma pulberilor de
fosfat de calciu dopate cu 1% (a) si 3%(b) cupru,
tratate termic la 500°C/2h.

In Figures 4 and 5 are shown the diffraction
peaks of the hydroxyapatite powder doped with
copper at 1% and 3%, thermal treated at
temperatures of 500°C or 800°C for 2 hours. It can
be seen that for the sample containing 3% copper,
at both temperatures, the peaks grow in intensity.

Figure 6 a, b shows the FT-IR absorbance
spectra of the undoped and copper doped samples
obtained by thermal treatment at the 500°C and

for drug delivery systems
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Fig. 5 - Diffraction pattern for the calcium phosphate powders
doped with 1% (a) and 3% (b) copper ions annealed at
800°C/2h / Difractograma pulberilor de fosfat de calciu
dopate cu 1% (a) si 3% (b) cupru, tratate termic la
800°C/2h.

800°C. The —OH bendlng frequency is observed
in the range 600 cm™- 700 cm™ vibrational mode
for hydroxyapatlte The spectra in the 900 cm™-
1250 cm’” range are due to the vibration mode of
the group PO,4™ in both compounds.
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Fig. 6 - FT-IR spectra obtained on samples of calcium
phosphate and copzper-doped calcium phosphate
(1% and 3% obtained by precipitation,
annealed at 500°C (a) and 800 °C (b) /2h / Spectrele
FT-IR ale probelor de fosfati de calciu §/ fosfati de
calciu dopate cu cupru (1% and 3%Cu”") obt/nute
prin coprecipitare, tratate termic la 500 °C (a) si
800°C (b) /2h.
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Note that the addition of Cu and increased
concentration makes the characteristic band of the
group P-O become sharper.

The presence of these copper ions lead to
the disappearance of the peaks of the bands of
hydroxyapatite in the range 800 cm™- 1300 cm™.
With the increasing concentration of copper is an
increase in the intensity of the OH band from about
3000 cm™. In addition, it decreases drastically with
increasing temperature heat treatment. It was
noted an increase in intensity of the band - OH,
from around 700 cm ' and P-O band from around
800 cm™ for the powder undoped, with increasing
temperature from 500 C to 800 C, due to higher
crystallinity thereof.lt was no It can be also
evidence interleaving Hap network. These
experimental data are in agreement with data
obtained by XRD results and by other researchers
[6,9-11].

SEM images (Figures 7, 8) of the powders
obtained shows that they are clustered composed
of very fine particles with nanometric dimensions
up to 100 nm. It is observed that at the increase

Fig. 7 - SEM images obtained on calcium phosphates(a) and
calcium phosphate doped (1,3%Cu’* (b,c)), annealed
at 500 °C /2h; (a, b, ¢ — x 100 000)/ Imagini SEM
pentru pulberile de fosfati de calciu (a) si fosfatul de
calciu dopat cu (1,3% Cu** (b,c)), tratate termic la
500°C /2h; (a, b, ¢ — x 100 000).

the heat treatment temperature, from 500°C to
800°C, these powders change shape, become
rounded and their size increases. In the presence
of copper, the nanoparticles dimensions are
smaller than the undoped calcium phosphate
powder at temperature of 800°C. This particulate
morphology show that calcium phosphate
nanoparticles were influenced by the presence of
copper, especially the concentration of 3%.

EDAX spectra (Figures 9, 10 and 11)
reveal the presence of components of the
compound formed after heat treatments at
temperatures of 500°C and 800°C; indicate the
presence calcium, phosphorus and oxygen, the
chemical elements that make up calcium
phosphates and copper presence and the
relationships between these elements (11).
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Fig. 8 - SEM images obtained on calcium phosphate(a) and
calcium phosphate doped (1% and 3%Cu® (b,c)),
annealed at 800 °C /2h; (a, b, ¢ — x 100 000)/ Imagini
SEM pentru pulberile de fosfat de calciu (a) si fosfatul de
calciu dopat cu (1% si 3%Cu® (b,c)), tratate termic la
800°C /2h; (a, b, ¢ — x 100 000).
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Fig. 9 - EDAX spectra of calcium phosphate obtained by precipitation, annealed at 500 °C/2h (a) and 800 °C (b) /2h / Spectrele EDAX ale
fosfatului de calciou obtinut prin coprecipitare la 500°C/2h (a) si 800°C (b) /2h.
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Fig. 10 - EDAX spectra obtained on samples of copper-doped calcium phosphate (1%Cu?) obtained by precipitation, annealed at
500 °C/2h (a) and 800 °C (b) /2h / Spectrele EDAX ale fosfatului de calciu dopat cu ioni de cupru 1% obtinut prin coprecipitare la

500°C/2h (a) si 800°C (b) /2h.
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Fig. 11 - EDAX spectra obtained on samples of copper-doped calcium phosphate (3%Cu2) obtained by precipitation, annealed at
500 °C/2h (a) and 800 °C (b) /2h / Spectrele EDAX ale fosfatului de calciu dopat cu ioni de cupru 3% obtinut prin coprecipitare

la 500°C/2h (a) si 800°C (b) /2h.
4. Conclusions

In this study, we have prepared the
materials based on calcium phosphate and copper
ions, with potential uses in medicine. X-ray
analysis indicates that the addition of 1% and 3%
Cu®" does not change the structure of calcium
phosphate until at temperature of 800°C, when a
mixture of calcium phosphate and tenorite was
obtained. X-ray and FT- IR analyzes showed that
copper was integrated in network hydroxyapatite.
EDAX spectra indicate the presence of copper in
powders obtained. SEM images show that the
powders, thermal treated at 500°C and 800°C
shows nanometric sized. Calcium phosphate
nanoparticles may be potential carriers of copper
ions and bridge to various substances as hormons,
antibiotics or anticancer drugs.
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MANIFESTARI STIINTIFICE / SCIENTIFIC EVENTS

Al Xll-lea SIMPOZION NATIONAL - PULBERI CERAMICE, Bucuresti, 20.11.2015
organizat de

SOCIETATEA ROMANA DE
CERAMICA

Acest simpozion, ajuns la a XII-a editie, constituie
un mod direct si eficient de informare a specialistilor asupra
principalelor noutati in acest domeniu.

Au fost invitati sa participe toti specialistii care au
preocupari in domeniul obtinerii sau utilizarii pulberilor
pentru productia de materiale ceramice.

In acest an, s-a sustinut o lucrare invitatd si alte 15
lucrari ale unor cadre didactice din cadrul Universitatii
POLITEHNICA Bucuresti, lucrdri prezentate de cativa
studenti $i masteranzi ai Facultitii de Chimie Aplicatd si
Stiinta Materialelor, precum si de la Facultatea de Stiinta si
Ingineria Materialelor, lucrari ale multor cercetatori din
diverse institutii de profil: Institutul de Chimie Fizica “Ilie
Murgulescu” al Academiei Romane, Institul de Cercetari
Metalurgice (ICEM), Institutul National de Cercetare
Dezoltare pentru Fizica Materialelor (INCDFM), Institutul
National de Cecetare Dezvoltare pentru Inginerie Electrica
(INCDIE ICPE-CA), Institutul National de Fizica Laserilor,
Plasmei i Radiatiei (INFLPR), Institutul National pentru
Metale Neferoase si Rare (IMNR), Centrul de Cercetare
Stiintificd pentru Aparare si Ecologie, SC Ceprocim SA.

INSTITUTUL DE CHIMIEAFIZICA
AL ACADEMIEI ROMANE

BUCURESTI

This symposium, now at its twelfth edition, is a direct
and effective way to inform the specialists on key news in
this field.

All the specialists with concerns in the field of obtain
or use powders for the production of ceramics were invited to
attend.

This year it was held a paper invited and 15 other
works of academics from the University POLITEHNICA of
Bucharest, papers submitted by some students from the
Faculty of Applied Chemistry and Materials Science and the
Faculty of Materials Science and Engineering, works of
many researchers from various specialized institutions:
Institute of Physical Chemistry "Ilie Murgulescu" of the
Romanian Academy, Institute for Metallurgical Research
(ICEM), the National Institute for Research and Development
of Materials Physics (INCDFM), the National Institute for
Research and Development in Electrical Engineering (ICPE-
CA), the National Institute for Laser, Plasma and Radiation
(INFLPR), the National Institute for Nonferrous and Rare
Matels (IMNR), the Center for Defence and Ecology
Scientific Research, SC CEPROCIM SA.

Material realizat de S.1. dr. Ing. Alina Melinescu
Co-organizator Pulberi Ceramice 2015

UNIVERSITATEA POLITEHNICA
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