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Abstract
Post-implantation infections are regarded as a major issue in the biomedical field. Further, many investigations are continu-
ous towards developing antibacterial biocompatible materials. In this regard, hydroxyapatite (HAP), erbium oxide (Eu2O3), 
and graphene oxide (GO) were introduced in nanocomposites combinations, including single, dual, and triple constituents. 
The nanoparticles of HAP, Eu2O3, and nanosheets of GO are synthesized separately, while dispersed in the nanocomposites 
simultaneously. The morphological investigation showed that HAP was configured in a rod-like shape while the nano ellip-
soidal shape of Eu2O3 was confirmed. The particle size of the ternary nanocomposite containing HAP/Eu2O3/GO reached the 
length of 40 nm for the rods of HAP and around 28 nm for the length axis of ellipsoidal Eu2O3 nanoparticles. The roughness 
average increased to be about 54.7 nm for HAP/GO and decreased to 37.9 nm for the ternary nanocomposite. Furthermore, 
the maximum valley depth (Rv) increased from HAP to the ternary nanocomposite from 188.9 to 189.8 nm. Moreover, the 
antibacterial activity was measured, whereas the inhibition zone of HAP/Eu2O3/GO reached 13.2 ± 1.1 mm for Escherichia 
coli and 11.4 ± 0.8 mm for Staphylococcus aureus. The cell viability of the human osteoblast cell lines was evaluated to 
be 98.5 ± 3% for the ternary composition from 96.8 ± 4% for the pure HAP. The existence of antibacterial activity without 
showing cytotoxicity against mammalian cells indicates the compatibility of nanocomposites with biomedical applications.
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1  Introduction

Nowadays, antibiotic-resistant germs or superbugs problem 
is considered public health problem [1]. The bacteria do not 
resist one drug, instead, they become multi-drug resistant 
(MDR), which requires a new generation of drugs based 
on non-biotic anti-bacterial materials [2]. Many nanoma-
terials have anti-bacterial properties, besides entering the 
cell easily due to their nano size [3]. However, hydroxyapa-
tite (HAP) is one of the apatite families distinguished by 
the OH group [4, 5]. Its high biocompatibility properties 
come from its similarity with the inorganic phase in bones 
[6, 7]. Many studies investigated the behavior of HAP for 
tissue and bone engineering, drug delivery system, protein 
separation, and orthopedics [8]. HAP exhibits two crystal-
lographic orientations, which are hexagonal and monoclinic; 
the hexagonal phase transforms to the monoclinic crystalline 
phase at approximately 200 °C [9]. Further, HAP shows high 
osteoconductivity, bioactivity, non-toxicity, and non-inflam-
matory properties [10]. Nevertheless, the calcium phosphate 
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component has high popularity in biomaterial applications. 
They have not been studied for tissue regeneration and anti-
bacterial treatments, but even for anti-cancer therapy [11]. 
One of the advantages of HAP is the numerous methods 
that could be used for its preparation. The co-precipitation 
method has been utilized in the large-scale production of 
HAP. The synthesis conditions have an essential effect on 
the physicochemical properties of the obtained compositions 
[12]. The main problem in pure HAP is the low mechani-
cal properties and low toughness resistance compared with 
the natural bone tissues, which limit its applications in high 
load-bearing [13]. The desired properties of HAP can be 
reached in two ways, maintaining the HAP crystal structure 
and replacing Ca2+, PO3−

4
 or OH− with other dopant atoms. 

On the other hand, using nanocomposites containing HAP 
which could be done by combining HAP with other phases 
to introduce a wide range of multifunctionality, including 
high thermal stability, good antibacterial behavior, besides 
mechanical properties [14]. It is reported that nanocomposite 
materials can introduce the desired multi-functionality prop-
erty [15]. The adequate nanocomposite material could gain 
high mechanical by a reinforcing material without decreas-
ing its bioactivity [13].

Further, improving the optical properties of nanocompos-
ite containing HAP to be used in bio-imaging is an example 
of the gathered properties which can occur via the nanocom-
posite configuration. Moreover, erbium oxide (Eu2O3) is one 
of the rare earth composites which has been studied in smart 
drug delivery, photothermal therapy, and bioimaging [14]. 
Erbium is suggested to be used in the field of cell imagin-
ing due to its photoluminescent properties and its ability to 
target and bind to the cell surface and reach receptor-medi-
ated endocytosis [16]. Moreover, Eu2O3 has sharp emission 
peaks which are very fluorescent, hence reinforcing using 
it in bio-imaging. In addition, Eu2O3 exhibits anti-bacterial 
properties against most strains of bacteria, therefore it could 
give good results in cell proliferation and anti-bacterial test 
with HAP as a composite configuration [17]. Cell imaging 
is very important to detect disease in clinical application, 
especially with the long lifetime of Eu2O3 radiation which 
is around 9.7 ms [18]. However, with the high biocompat-
ibility of HAP with the anti-bacterial and optical properties 
of Eu2O3 a good nanocomposite can be resulted for use in a 
wide range of medical applications.

Furthermore, for the mechanical properties weakness 
of HAP and to promote the antibacterial activity, the gra-
phene oxide (GO) can be suggested to be incorporated as 
the ternary phase. GO is the oxygenated form of the mon-
olayer graphene sheet, which is structured in packed two-
dimensional carbon atoms. GO introduces an extremely 
large surface area which makes it chemically active besides 
its biocompatibility, biostability, and mechanical properties 
by allowing the stress to be transferred in the composite 

more easily with enhancing the interfacial bonding [19, 20]. 
Besides, the two-dimensional structure of GO can fill the 
pores, which prevents crack growth, therefore reinforcing 
the HAP structure [21]. For those properties, GO was stud-
ied to be used for biosensors, and cellular imaging usages 
[22]. The large surface area of GO nanosheets enlarges its 
loading capacity and encourages its drug delivery utiliza-
tions. Moreover, it was reported that GO could improve the 
bioactivity of materials such as gelatin [23]. Few studies 
estimated using graphene for scaffolds fabrication in tis-
sue engineering [24]. The incorporation of GO in HAP 
might develop the bioactivity and mechanical properties, 
besides the proliferation and adhesion of osteoblasts [25]. 
Akhavan et al. reported the antibacterial activity of GO 
against Escherichia coli and Staphylococcus aureus [26]. 
Kattle et al. showed that Eu2O3 is non-toxic up to 0.5 mM 
[18]. Moreover, Zunil et al. showed that Eu2O3/GO com-
posite improved GO optical properties to be used widely 
from electronic material to optoelectronic material [27]. 
In addition, Yingqi Li et al. showed that Eu2O3 less than 
1.0 mg/mL and less than 600 nm in diameter could pen-
etrate the cell without causing damage [28]. Moreover, the 
dispersibility degree of nanoparticles plays a vital role in 
the Physico-chemical properties of the nanocomposite. For 
instance, the electrical conductivity depends strongly on the 
mean free path of charge carriers, which can be enlarged sig-
nificantly if the electron can move from its conduction band 
to the graphene surface. The Eu2O3 possesses a low band 
(3.66 eV), allowing its electrons to be generated via incident 
photons. The excellent contact between Eu2O3 nanoparticles 
and GO nanosheets might support the generated electrons 
from the former to the latter surface. The jumping process 
might reduce the combined probability of formed charge 
carriers [7, 29]. The excellent dispersibility of the formed 
nanocomposites can be done via different techniques, includ-
ing magnetic stirrer and ultrasonic power [30]. The probe 
sonicator is considered a fast and powerful tool to exfoliate 
graphite layers to be converted to graphene nanosheets [31]. 
Thus, the probe sonicator can exfoliate GO nanosheets and 
encapsulate HAP or Eu2O3 through the former nanosheets 
like sandwich configuration.

The previous literature shows that HAP is suggested to 
be used in different biomedical applications, while its low 
mechanical and antibacterial properties are major prob-
lems. The mechanical properties can be solved by consider-
ing HAP as a matrix and reinforcing it with nanosheets of 
GO. Therefore, the mechanical properties can be enhanced 
and the crack growth can be inhibited. The nanoparticles 
of Eu2O3 addition can enhance the antibacterial proper-
ties of HAP due to the releasing of Eu3+ ions and Eu2O3 
nanoparticles which can easily penetrate the bacterial cell 
wall and cause damage to DNA. Moreover, that antibacte-
rial mechanism has been detected by Sivaselvam et al. they 
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reported FESEM micrographs to show MgO nanoparticles 
penetrate the cell wall of bacteria [32]. Furthermore, that 
can be reached by designing a nanocomposite containing 
HAP/Eu2O3 as a matrix and reinforced by nanosheets of GO.

The combinations of the binary nanocomposite of HAP/
GO, and HAP/Eu2O3 and the ternary nanocomposite of 
HAP/Eu2O3/GO. The objective is to improve the antibacte-
rial properties of HAP and maintain its biocompatibility if 
not improved. The used compositions are based on several 
previous studies, but it was rare to find a complete study 
focusing on the physio-chemical influences based on the 
gathering of HAP/Eu2O3/GO. Previous studies such as Li 
et al. used GO as filler in the HAP matrix to obtain HAP/
GO nanocomposite by electrophoretic nanotechnology to 
be used as a coating material for biomedical applications. 
They reported that cell viability enhanced towards L929 
and MG63 cell lines [20]. Further, Ramadas et al. prepared 
a nanocomposite of HAP/GO, HAP was prepared using a 
hydrothermal method, and GO was synthesized by Hum-
mer’s method. They found that the addition of GO enhanced 
the biocompatibility of HAP toward A431 cells [33]. Moreo-
ver, Xiong et al. prepared a nanocomposite of HAP/GO/
sodium alginate (SA). They found that the addition of GO 
improved the compressive strength to be around 3 MPa 
and the compressive modulus reached 0.254 MPa [34]. In 
addition, the previous studies of using Eu2O3 in biomedical 
applications. Consequently, the individual components were 
suggested and it was expected that the combination between 
them enhanced the biological response and improved the 
antibacterial properties without damaging the mammalian 
cells.

That work aims to investigate nanocomposites of HAP, 
GO at different combinations that will be prepared via 
ultrasonication power. The structural and morphological of 
nanocomposites will be investigated, besides the physical 
and chemical characterization, and the response of nano-
composites against bacteria and toward human cells in vitro.

2 � Materials and Methods

2.1 � Inorganic Precursors

Calcium chloride dihydrate [CaCl2·2H2O], diammonium 
hydrogen phosphate [(NH4)2HPO4], europium oxide 
(Eu2O3), potassium permanganate [KMnO4], graphite, 
hydrochloric acid [HCl], were purchased from LOBA, 
ODISHA, India, and they were utilized without further 
purifications.

2.2 � Synthesis Procedure

2.2.1 � HAP Synthesis

The co-precipitation method has been employed to pre-
pare HAP as follows. CaCl2·2H2O (0.5 M) was added to 
a beaker and (NH4)2HPO4 (0.3 M) was added to another 
beaker, deionized water (100 mL) was then added to each 
beaker creating a calcium and phosphate solution, respec-
tively. The phosphate solution was then added slowly to the 
calcium solution; diluted ammonia was used to maintain 
a pH of 11 ± 0.1. That resulted mixture was stirred for 2 h 
using a magnetic stirrer at 1200 rpm. The solution was then 
allowed to settle for a day to allow precipitation, resulting in 
a precipitated gel. The precipitated gel was then washed by 
deionized water and filtered several times; it was then dried 
at a temperature of 50–60 °C in a furnace. HAP was then 
collected from the furnace as powder.

2.2.2 � GO Synthesis

The modified hummers method has been employed to pre-
pare GO as described before [35]. Graphite was produced 
from a natural source, Hassawi rice biomass waste from Al-
Ahsa governorate at eastern Saudi Arabia region. Briefly, 
0.5 g of graphite were added to 120 mL of H2SO4 then mixed 
thoroughly. A weight of KMnO4 (12 g) was then added to 
the mixture and was then stirred for 2 h using a magnetic 
stirrer at 800 rpm. Then, 300 mL of deionized water was 
added slowly to the mixture at a rate of ~ 10 mL/h. After 
cooling the mixture, 10 mL of H2O2 have been dropped on 
the mixture and stirred with high power for 30 min. The 
mixture was then filtered and then in using a probe sonica-
tor, it was dispersed in 500 mL HCL (20 wt%) for 15 min. 
The mixture was then dried at a temperature of 50–60 °C 
in a furnace.

2.2.3 � Nanocomposites

Five compositions were then obtained as follows: (1) 1 g of 
HAP, (2) 1 g of Eu2O3, (3) 1 g of HAP/1 g of Eu2O3, (4) 1 g 
of HAP/0.05 g GO, and (5) 1 g of HAP/1 g of Eu2O3/0.05 g 
of GO. The nanocomposites were then dispersed separately 
in tubes containing 50 mL of deionized water to be sus-
pended via ultrasonic probe sonicator for 15 min. To col-
lect the powder samples, the tubes were then centrifuged at 
6000 rpm for 10 min. The collected powders were then dried 
for several hours at 50–60 °C.

2.3 � XRD Measurements

On an X-ray diffracrometer (analytical-x 'pertpro, Cu K α1 
radiation, λ = 1.5404 Å, 45 kV, 40 mA, Netherlands), X-ray 
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diffraction (XRD) pattern was estimated. The samples were 
prepared by grinding them separately using a mortar for 
amounts around 10 g. Then the powder is put in a sample 
holder using a spatula. After that, by using a smooth piece 
of glass the sample holder was filled. Finally, the sample of 
glass was removed.

2.4 � FTIR Measurements

The transmittance FTIR analysis was done with a (Perkin-
Elmer 2000) spectrometer in the range of 400–4000 cm−1. 
The preparation stages were done as follows:

1.	 obtaining around 2 g of the powder.
2.	 The sample was mixed in a mortar with KBr with a ratio 

of 20:1.
3.	 The sample is placed in a holder and compressed hard 

for adhering to the sample perfectly.
4.	 The sample is put in the instrument then the software is 

activated from 400 to 4000 cm−1.

2.5 � XPS Measurements

The obtained powder samples were studied using the XPS 
instrument of (PerkinElmer PHI 5600). The scanning range 
was up to 1400 eV with a resolution of 0.1 eV.

2.6 � FESEM

A scanning electron microscope (FESEM, model: 
QUANTA-FEG250, Netherlands) is utilized to detect sur-
face morphology and roughness. The obtained SEM images 
were introduced into Gwyddion 2.4 software for 3D rough-
ness images and roughness parameters.

2.7 � In Vitro Cell Viability Tests

The human osteoblasts cell line was cultured in Dulbecco's 
modified Eagle's medium (DMEM, Gibpco) at 37 °C and 
5% CO2 to measure the cell viability ratio. Around 5 mg 
of each sample was added into a 96 well plate to be serial-
ized. The density of cells was around of 5 × 103 cells/cm2. 
After three incubation days, the medium was removed, and 
MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 
bromide) was injected into each well, after which the cell 
viability was detected via an optical analyzer. Cell viability 
was calculated as [36–38]:

(1)

Viability(%)=
Mean optical density of test samples

Mean optical density of the control
× 100

The statistical analysis was done using Medcalc software 
version 15.0 (Mariakerke and Belgium). Further, the con-
tinuous variables were represented as mean standard devia-
tion (SD) (±).

2.8 � Antibacterial Activity

The antibacterial activity was tested via the diffusion desk 
technique. It was done against (Staphylococcus aureus = S. 
aureus), which was obtained from ATCC Number 29213, 
and (Escherichia coli = E. coli), which was obtained from 
American Type Culture Collection (ATCC) number 25922. 
The initial concentration of the powdered samples was 
around 20 mg/mL. The inhibition zone was measured in mm 
after 24 h of exposure. The experiment has been repeated 
three times to evaluate the standard deviation values.

Fig. 1   XRD patterns of HAP, Eu2O3, HAP/Eu2O3, HAP/GO, and 
HAP/Eu2O3/GO nanocomposites, besides HAP and Eu2O3 upon no. 
01-073-0293 and 96-101-0340
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3 � Results and Discussion

3.1 � XRD

In Fig. 1, the XRD measurements of all compositions. HAP 
seems to be formed in a hexagonal structure upon the ICDD 
card no.01-073-0293. Further, the phase of Eu2O3 was 
formed in a cubic symmetry according to the ICDD card 
no. 96-101-0340. The essential peaks of GO tend to be very 
low due to the irregularity of its structure in 3-dimensions 
which caused in the destruction of its crystallographic order 
[20]. XRD shows the final ternary nanocomposites of HAP/
Eu2O3/GO as separate phases. The crystallinity of HAP 
seems to be lower than the Eu2O3 phase, which is assigned 
to the difference in preparation conditions between HAP and 
Eu2O3. While HAP was prepared without exposure to high 
temperatures, Eu2O3 was annealed at 450 °C for hours. The 
crystal growth is promoted via the annealing process. The 
crystallinity of all compositions are computed from the fol-
lowing relation [5]:

where Xc is the crystallinity, Ac and AA are the all area under 
crystalline peaks and all areas under amorphous peaks, 
respectively.

The crystallinity of as-prepared HAP is 76%, while Eu2O3 
is 89%. The nanocomposite of HAP and Eu2O3 reveals a 
crystallinity of 71%, which matches with the previous 
reports that Eu2O3 could cause a deterioration of HAP’s 
crystallinity [39]. Adding HAP with GO enlarges the crys-
tallinity to be around 67%. It seems as GO inhibits the HAP 
crystal to grow, although the XRD pattern does not differ 
much from the pure HAP pattern. Whatever the final com-
position of HAP/Eu2O3/GO shows crystallinity around 76%. 

X
C
% =

∑

A
C

∑

A
C
+
∑

A
A

× 100

The crystallite size is computed from Scherrer's equation 
[40]:

L is the crystallite size, λ is the wavelength of the X-ray 
source, β is FWHM intensity, K is the shape factor, and θ is 
Bragg's angle. Besides all angles are converted into radian.

The prepared HAP shows crystallite size around 12 nm 
and Eu2O3 crystallites around 23 nm, while the composition 
of HAP/Eu2O3 has crystallite size around 21 nm. The HAP/
GO is the smallest crystallite size which was around 16 nm 
and the final composition HAP/Eu2O3/GO, the crystallite 
size was around 10 nm which indicates the contribution of 
GO to inhibit the growth of the crystals.

L =
Kλ

βCosθ

Fig. 2   FTIR spectra of HAP, Eu2O3, HAP/Eu2O3, HAP/GO and 
HAP/Eu2O3/GO nanocomposites

Table 1   FTIR transmittance 
infrared bands of the different 
nanocomposites of HAP, Eu2O3 
and GO

HAP Eu2O3 HAP/Eu2O3 HAP/GO HAP/Eu2O3/GO Assignment Ref.

413 413 410 – 404 Bending mode of PO3−
4

[43]
475 – – 472 471 Vibrational mode of O–P–O [44]
566 532 566 564 566 Bending mode of O–P–O [5]
604 – 603 605 603 Bending mode of O–P–O [45]
873 878 867 874 872 Vibrational mode of CO2−

3
[46]

965 – 963 963 – PO
3−
4

 stretching [47]
1034 1039 1035 1035 1034 Anti-symetric stretch of CO3−

3
[48]

1096 – 1093 1093 1094 P–O stretching [49]
1426 – 1417 1415 – Vibrational mode of CO2−

3
[50]

1454 1467 1493 1456 1463 Vibrational mode of CO2−
3

[47, 50]
1635 1644 1639 1643 1635 Absorbed water [47]
2913 2918 2919 2925 2919 C–H vibrations [46, 50]
3435 3410 3415 3432 3413 O–H vibrations [51, 52]



1791Journal of Inorganic and Organometallic Polymers and Materials (2022) 32:1786–1799	

1 3

Fig. 3   XPS of HAP/Eu2O3/GO for wide range, (b–f) C 1s, Ca 2p, Eu 3d, O 1s and P2p, respectively
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3.2 � FTIR Spectra

Fourier-transform infrared analysis was performed to con-
firm the presence of the vibrational groups, as illustrated in 
Fig. 2. The detected bands at 475, 604, and 965 cm−1 belong 
to the phosphate group as reported in Table 1, confirming the 
main bands of apatite composition [41]. The bands at 1635, 
3435 cm−1 are assigned to the O–H bond, which ensures the 
hydroxyl group, confirming the HAP formation in four com-
positions [5]. In addition, the band at 566 cm−1 is attributed 
to the HPO4

2− vibrational group [39]. It can be reported that 
the band at 3570 cm−1 belongs to the vibrational stretch-
ing mode of OH−, while the band at 633 cm−1 refers to the 
arising of the librational stretching mode [12]. The band of 
1420 cm−1 can be ascribed to the carbonated groups through 
the HAP structure. The presence of carbonate group with 
HAP structure due to its affinity to absorb carbon from the 
ambient atmosphere [5]. The detected peak at 873 cm−1 is 
supposed to be at 833 cm−1 while it is shifted due to an 
interaction between COO− and Ca2+ [13].

In the di-nanocomposite of HAP/GO, there is an increase 
in the intensity of bands around 1000–1600 cm−1 due pres-
ence of C=O around 1643 cm−1 and C–O around 1094 cm−1. 
Further, those bands can not detect easily because of the 
existence of HAP [42]. However, the analysis confirms HAP 
and GO compositions.

3.3 � XPS

The X-ray photoelectron spectroscopy (XPS) spectrum of 
the ternary composition is illustrated in Fig. 3. In Fig. 3a, 
there are two peaks with different intensities, at 1125 and 
1135 eV can represent the oxidation states +2 and +3 of Eu 
3d, respectively [9, 52]. They indicate that the contribution 
of Eu(III) is much more than Eu(II). In other words, the 
ratio between Eu3+ and Eu2+ is very high. The peaks at 131, 
284, 348, 543, and 1135 eV belong to P 2p, C 1s, Ca 2p, O 
1s, Eu 3d, confirming the ternary nanocomposite of HAP/
Eu2O3/GO as the previous studies [10, 52]. Figure 3b shows 
C 1s spectrum with 3 peaks. The peak at 285 eV belongs to 
–C–C–, which determines the bonds between carbon atoms, 
while the second peak at 289 eV is assigned to –C=O deter-
mines the oxygenated carbon. Therefore, both peaks might 
describe GO structure. Further, the third peak at 286 eV 
belongs to C=C could describe the edges of the graphene 
structure, which must make a double bond with another oxy-
gen or a double bond with carbon to complete the structure 
[53, 54]. That could explain why C–C is the highest peak, 
while C=O C=C is the lower peak. In addition, those carbon 
bonds could belong to the hydroxyapatite due to its affinity 
to absorb carbon from the air [52]. Furthermore, the bind-
ing energy of 285 eV belongs to C 1s, which is ascribed to 
C–H and C–C bonds, while the peak at 531 eV belongs to 

OH− ions [55]. The peaks at 131 eV and 348 eV belong 
to phosphate and calcium ions. Those peaks describe the 
full oxidation states of P5+ and Ca2+ [52]. However, XPS 
analysis confirms the existence of all elements in all com-
positions. Figure 3c shows the binding energy of Ca 2p, the 
peak at 347 eV belongs to the angular momentum of 3/2, and 
the peak at 351 eV belongs to the angular momentum of 1/2 
[10, 42]. In Fig. 3d; the two large peaks at 1136 eV belong to 
Eu 3d with angular momentum 5/2 and at 1167 eV belongs 
to Eu 3d with angular momentum 3/2, which are a result of 
the spin–orbit coupling. Besides, those peaks belong to the 
Eu(III) state, and it is reported that peaks at 1155 eV and 
1144 eV belong to Eu2+ oxidation state and multiple states, 
respectively [56]. Figure 3e, f shows O 1s and P 2p spectrum 
where 531.1 eV belongs to O–Ca while 531.6 for O–H and 
532,133 eV for O=P and phosphate 2p [9, 52].

3.4 � Morphology

Figure 4a shows SEM micrograph that contains information 
about the size and shape of the as-prepared HAP. It is obvi-
ous that HAP has been demonstrated in nanorod structures 
with aggregated particles. The diameter of nanorods is about 
40 nm, while the length varies to 120 nm. As seen in Fig. 4b, 
the morphology Eu2O3 tends to be porous with small ellip-
soidal particles accumulated together with a size around 
28 nm. In Fig. 4c, the composition of HAP/Eu2O3 is shown, 
and the morphology of HAP is changed slightly. It seems 
like less agglomeration with fewer diameters around 30 nm 
and smaller in length to be about 80 nm with spherical par-
ticles between the rods with 70 nm of diameter belonging 
to the Eu2O3 phase. The composition of HAP/GO is shown 
in Fig. 4d and the tendency to agglomerate with dimensions 
of 30 nm Whatever the final structure of HAP/Eu2O3/GO is 
displayed in Fig. 4e shows ellipsoidal and nanorod particles 
with dimensions about 20 nm. A porous structure is formed 
which can induce the proliferation process by transporting 
the nutrient and oxygen to inside the osteoblasts cells [29].

The roughness behavior is shown in Fig. 5a–e, and the 
roughness parameters are shown in Table 2. The highest 
roughness of HAP/GO composition with roughness aver-
age (Ra) of 54.7 nm and the maximum height of the rough-
ness (Rt) of 478 nm. The increasing of roughness could 
be ascribed to the collapsing of the 2D structure of GO in 
the three-dimension. Therefore, lowering the crystallinity 
induces more defects and more disorders. The progression 
of roughness still in the nano-scale range helps in develop-
ing the adsorption of proteins. Besides, increasing rough-
ness could increase the cell attachment by interlocking the 
biomaterial with the biological cell [57]. In contrast with 
the composition of Eu2O3 which shows good crystallinity 
and finer particles, that morphology leads to the least rough 
behavior with Ra around 35 nm and Rt around 318 nm, and 
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it is reported that the proliferation of osteoblast increases 
with decreasing roughness [58]. In addition, the decrease in 
roughness can affect the corrosion rate, therefore the lifetime 
of the biomaterial [59].

3.5 � Microstructural Features

The TEM micrographs in Fig. 6a show the pure HAP com-
position. It is noticed the nanorod shape with a diameter of 
about 20 nm and length about 50 nm. Further, the nanorods 

are agglomerated in different places, which match with SEM 
micrographs. Figure 6b shows the composition of HAP/
Eu2O3, which demonstrates the nanorods of HAP with a 
diameter around 20 nm and 70 nm in length and ellipsoidal 
particles of Eu2O3 with 15 nm in diameter, with an aspect 
ratio of 3.0. The ternary composition of HAP/Eu2O3/GO is 
shown in Fig. 6c, which exhibits dense particles with differ-
ent shapes as like-rod, ellipsoidal, and sheets of graphene 
oxide. The average diameters of nanorods are around 8 nm, 
while the average diameter of ellipsoidal particles is around 

Fig. 4   FESEM micrographs of the different nanocomposites, where a HAP, b Eu2O3, c HAP/Eu2O3, di-nanocomposite d HAP/GO di-nanocom-
posite, and e HAP/Eu2O3/GO ternary-nanocomposites



1794	 Journal of Inorganic and Organometallic Polymers and Materials (2022) 32:1786–1799

1 3

13 nm which agrees well with SEM micrographs and Scher-
rer's equation.

It could be reported that the morphological features of 
hydroxyapatite depend strongly on the formation mechanism 
of HAP’s crystals. It can be hypothesized that HAP does not 
crystallize in one step, rather, it grows through intermediate 
stages, depending on the pH value of the medium [60, 61]. 
In detail, at high pH values, the calcium and phosphate ions 
are gathering in the amorphous calcium phosphate phase, 
which might transform to di-calcium phosphate di-hydrate 
(DCPD), to octa-calcium phosphate (OCP), which is transi-
tioned to HAP crystals [60, 61]. However, at low pH values, 
the OCP might come before DCDP. These scenarios are sug-
gested to occur at room temperature. It could be noticed that 

controlling the preparation conditions can manipulate the 
desired morphology of synthesized HAP, which is essential 
for interactions with surroundings.

Herein, it might be noticed that the materials of HAP, 
Eu2O3, and GO have been mixed together in a physical 
reaction through a water medium. This physical reaction 
could be considered as an up-down process, whereas the 
starting nanoparticles were crushed under the stress of 
sonication. Further, this might allow the nanoparticles 
to be smaller, and in some probability, the crystals could 
grow. Moreover, the fragmented nanoparticles were able 
to permeate each other. Furthermore, the probe sonicator 
is powerful enough to exfoliate graphite multi-sheets to 
be in one-layer (graphene) nanosheets, although in this 

Fig. 5   The roughness behavior 
obtained from FESEM micro-
graphs, where a HAP, b Eu2O3, 
c HAP/Eu2O3, d HAP/GO and 
e HAP/Eu2O3/GO nanocompos-
ites, respectively

Table 2   The roughness 
parameters of all compositions 
where Ra, Rq, Rt, Rv, Rp, and 
Rtm are roughness average, 
root mean square roughness, 
the maximum height of the 
roughness, maximum roughness 
valley depth, maximum 
roughness peak height, and the 
average maximum height of the 
roughness respectively

Composition Ra (nm) Rq (nm) Rt (nm) Rv (nm) Rp (nm) Rtm (nm)

HAP 45.7 59.1 437.8 188.9 248.8 349.2
Eu2O3 35 45 318.4 171.9 146.4 267.1
HAP/Eu2O3 51.6 66 426.9 217.2 209.7 363.4
HAP/GO 54.7 68.6 478 233.4 244.6 391.5
HAP/Eu2O3/GO 37.9 48 339.6 189.8 149.8 285
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case, graphene oxide was used as a starting material from 
the beginning. Further, it could be reported that Sompech 
et al. clarified that the sonicator affects the particle size 
and can decrease the particle size significantly [62]. Also, 
it could be suggested that the graphene oxide nanosheets 
can act as a barrier to disturb the recrystallization of the 
surrounding molecules. Thus, the physical procedure to 
obtain these nanocomposites might re-construct the par-
ticle shape/size distribution via high powerful sonication.

3.6 � EDX

EDX (Energy-Dispersive x-ray spectroscopy) analysis was 
performed to confirm HAP/Eu2O3/GO composite forma-
tion. The analysis is shown in Fig. 7 shows the existence 

of C, O, P, Ca, and Eu with 25.95, 46.09, 10.87, 12.15, 
and 4.49%. The atomic weight percent of the contributions 
are listed in Table 2. It could be seen that the Ca/P ratio 
is around 1.45, which is relatively close to the empirical 
value of HAP components. Further, the presence of Eu is 
relatively high. Obviously, the oxygen element has a high 
atomic percent in the composite due to its sharing in all 
of the individual components as C–O and Eu–O, and O–H 
and is detected at 0.5 keV [63] (Table 3).

3.7 � Cell Viability

Figure 8 demonstrates the cell viability of human osteo-
blast cell lines for 3 days with different compositions. HAP 
composition shows high cell viability of about 96.8%. It is 

Fig. 6   TEM micrographs of a HAP nanorods,b HAP/Eu2O3 di-nanocomposite and c HAP/Eu2O3/GO ternary-nanocomposite



1796	 Journal of Inorganic and Organometallic Polymers and Materials (2022) 32:1786–1799

1 3

known that HAP is non-toxic and similar to the mineral bone 
structure; therefore, high cell viability results are expected. 
Eu2O3 is biocompatible and bioactive, which indicates its 
proliferation properties; however, the cell viability of the 
component is around 95.2%. by composing HAP and Eu2O3 
the viability increases to 97.8%, while HAP/GO composition 
shows cell viability around 94.6%. It is reported that HAP 
composition has higher cell viability than HAP/GO except 
at GO/HAP [20]. The maximum cellular ability is observed 
at the ternary composition of HAP/Eu2O3/GO due to the bio-
compatibility of each component. The cell viability reached 
98.5%, which indicates the compatibility of the components 
together as a nanocomposite biomaterial.

3.8 � Anti‑bacterial Activity

The antibacterial effect was investigated by measuring the 
inhibition zone on E. coli and S. aureus with the composi-
tions after 24 h, and the results are revealed in Fig. 9. The 
anti-microbial tests help open the doors for using nanocom-
posites as drug delivery, an excellent solution for antibiotic 
resistance [17]. The pure HAP has no antibacterial effect 
against E. coli or S. aureus after 24 h, that does not mean 
there are no antibacterial properties at the composition. 
However, pure Eu2O3 exhibits an inhibition zone around 
9.3 ± 0.9 mm for E. coli and 8.9 ± 0.9 mm for S. aureus. 
The effect on the two strains is due to the anti-microbial 
properties of Eu2O3 nanoparticles against all the bacterial 
strains [17]. The composition of HAP/Eu2O3 shows an 
inhibition zone of 10.2 ± 0.5 and 10.1 ± 1.1 mm for E. coli 
and S. aureus respectively. The inhibition zone of HAP/
GO is around 11.3 ± 0.9 and 10.5 ± 0.9 mm for E. coli and 
S. aureus respectively. It is reported that the anti-bacterial 
effect of GO sheets is higher than the small ones [64]. In 
the ternary nanocomposite, the GO phase has sharp edges, 
which increase the ability to penetrate the cell membrane of 
the different species of bacteria [53]. In addition, the high 
anti-bacterial effect can be explained via the oxidation of 
lipids which can be induced by the oxidative nature of GO 
[65]. The antibacterial potency increases with Eu2O3 con-
tribution due to the releasing of Eu3+ through the patho-
genic media, whereas bacterial walls possess a high affinity 

Fig. 7   EDX analysis of HAP/Eu2O3/GO nanocomposite which shows the chemical components of the ternary-nanocomposite

Table 3   The data of EDX analysis of the nanocomposite of HAP/
Eu2O3/GO

Element Weight % Atomic %

C K 11.88 25.95
O K 28.11 46.09
P K 12.83 10.87
Ca K 18.56 12.15
Eu L 28.61 4.94
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towards these cations. In addition, the increasing of cati-
ons through the media provokes the formation of reactive 

oxygen species (ROS) including OH− and O−∗
2

 besides the 
oxyanions belong to GO. Further, the dissolved Eu might 
inhibit the original physiological function to work [17]. The 
ternary nano-composition shows the highest inhibition zone 
by 13.2 ± 1.1 mm for E. coli and 11.4 ± 0.8 mm for S. aureus, 
which is ascribed to the ability of anti-bacterial effect of the 
components individually with different mechanisms.

4 � Conclusion

Different nanocomposites based on combinations of HAP, 
Eu2O3, and GO were fabricated. The ternary nanocompos-
ite of HAP/Eu2O3/GO has been developed in particle size 
around 20 nm and has a smoother surface than the pure HAP. 
The average roughness developed to be around 37.9 nm for 
the HAP/Eu2O3/GO composite. XRD analysis showed that 
the crystallinity of the ternary composite was around 76%. 
The cell viability of the composite reached 98.5% whereas, 
the inhibition zone of the HAP/Eu2O3/GO composite 
increased to 13.2 ± 1.1 mm for E. coli and 11.4 ± 0.8 mm 
for S. aureus, which can be considered as a development in 
biocompatibility for nanocomposites based on HAP.
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