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Introduction

Dental resin composites are widely used in dentistry as 
restorative materials, primarily due to their aesthetic ef-
fects and enhanced mechanical properties (1). Dentin resin 
adhesives are used to bond hydrophobic resin composites 
to hydrophilic dentin tissue (2). The strength of the adhe-
sion with dentin depends on the monomer’s ability to enter 
the inter-collagen fiber spaces to form a hybrid layer (3). 

Over time, the loss of adhesive bonds is one of the 
main causes of composite restorative failure. The Nano-
gap formation is the result of bond loss which leads to 
bond failure and secondary caries formation, the addition 
of inorganic Nano fillers in adhesives decreases the fai-
lure of adhesion over time and enhances dentin interaction 
of adhesive resins and possibly decreases dentin-adhe-
sive degradation(2). The majority of the tooth's inorganic 
component is made of Hydroxyapatite, and because of its 
strong remineralizing ability, its utilization for multiple 
dental applications has increased recently(4). Since tooth 
structure has direct immediate contact with dental adhe-
sive, adding nano-hydroxyapatite may promote efficient 
and long-lasting re-mineralization in teeth with demine-
ralized dentin. Also, the adhesive resin with incorporated 
Nano-HA particles applied to dentin could improve both 
the mechanical properties of the resin adhesive and the 
strength of the tooth structure(5). 

Nano-hydroxyapatite  (Nano-HA) is a non-toxic bio-
compatible material with specific biological effects that 
have demonstrated chemical stability in physiological 

conditions, Because of its bioactivity and demineralization 
potential, it can be used as an adhesive filler to improve 
material properties(6). However, Nano-hydroxyapatite 
has some inherent features that make it less than ideal for 
use as a structural material, including brittleness and pro-
blems with surface functionalization, Additionally, simple 
mixing of Nano-hydroxyapatite with a polymer matrix 
frequently results in weak molecular interactions between 
the organic and inorganic phases, which may impair pro-
cessing capacity and destroy Nano-hydroxyapatite struc-
ture. Therefore, searching for an approach to functionalize 
and modify Nano-hydroxyapatite without altering its phy-
sicochemical characteristics is of vital importance for its 
applications in the biomedical field(7). The aggregation of 
nanoparticles may negatively affect the mechanical cha-
racteristic of the nanoparticle–filled system by increasing 
the size of the filler phase from nanometer to micrometer. 
(8) . A common silane agent containing amino groups is 
aminopropyltriethoxysilane (APTS), which can be fur-
ther functionalized using conventional bio-conjugation 
methods(9).

The present study aimed to identify an approach in 
which Nano-hydroxyapatite is charged or modified prior 
to its integration into resin adhesive. The study further ai-
med to confirm the presence and homogeneous dispersion 
of Nano-hydroxyapatite using SEM, FTIR, EDX map-
ping, and micro-Raman spectroscopy. This is the first stu-
dy regarding the modification of Nano-hydroxyapatite to 
generate Nano-hydroxyapatite with surface charge and its 
subsequent incorporation into the Resin dental adhesive.
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The direct mixing of Nano-hydroxyapatite with Resin Adhesive often leads to weak molecular interactions, 
which can compromise the dispersion of Nano-hydroxyapatite within the resin adhesive and cause structural 
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Nano-hydroxyapatite is charged or modified prior to its integration into resin adhesive. In this study, Nano-hy-
droxyapatite was modified using aminopropyltriethoxysilane (APTS), subsequently, the amine groups present 
on the surface of Nano-hydroxyapatite were additionally modified using succinic anhydride. This modification 
process resulted in the production of negatively charged Nano-hydroxyapatite - aminopropyltriethoxysilane 
(n-HA-APTS-SAH). The charged Nano-hydroxyapatite particles were characterized using FTIR and SEM. 
Subsequently, the charged Nano-hydroxyapatite particles were incorporated into resin dental adhesive. Com-
prehensive characterization of the composite material was carried out through SEM, FTIR, EDX mapping, 
and Micro-Raman Spectroscopy. The results revealed the presence of Nano-hydroxyapatite in the mixture and 
a homogeneous and well-dispersed state with no observable aggregation of Nano-hydroxyapatite particles 
within the adhesive. Furthermore, the particles still maintain a spherical shape with their sizes falling within 
the nanoscale range.
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Materials and Methods

Materials and instruments
1-Nano-hydroxyapatite and the other materials, including 
aminopropyltriethoxysilane (APTS) and succinic anhy-
dride, were obtained from Merck (Germany). 
2-Ethanol (99%) and dimethylsulfoxide (DMSO) were 
obtained from Sigma-Aldrich 
3-The Resin adhesive (Palfique Bond) was obtained from 
Tokuyama Dental Co. 
4- Fourier Transform Infrared Spectroscopy (FTIR): Pye 
Unicam SP3-300S Spectrophotometer (KBr Disc). 5- Ul-
trasonic Bath (Sonicator): an Ultra Met sonic cleaner from 
Buehler Ltd. (220/240 V, 50/60 Hz). 
6- Centrifuge Machine: The Weswox T-1014-01 Labora-
tory Centrifuge Machine running at 1000 rpm.
7- Scanning Electron Microscope(SEM): FESEM model 
MRA 11 SAMX (TESCAN).
8-Raman spectrometer TAKRAM 785-G100 (TEKSAN, 
IRAN).

Preparation of the charged nano-hydroxyapatite par-
ticles (n-HA-APTS-SAH)

Initially, 0.36 g of Nano-hydroxyapatite (n-HA) was 
dispersed in 400 mL of absolute ethanol. The dispersion 
underwent ultrasonic irradiation in a water bath at room 
temperature for 4 hours to attain a homogeneous solution. 
Subsequently, to obtain n-HA-APTS, 10 mL of amino-
propyltriethoxysilane (APTS) was added to the solution 
while vigorously stirring using a magnetic bar Figure 1. 
The mixture was quenched with (2 mL) of deionized wa-
ter to convert the (-OCH2CH3) groups of APTS to (–OH) 
groups. To promote efficient mixing, enhance reaction 
kinetics, and facilitate the desired transformation of the 
APTS molecules, the mixture was sonicated for 1 hour. 
After this period, the mixture was centrifuged at 10,000 
rpm to obtain the desired product. To purify the product 
from unreacted starting materials and by-products, the pro-
duct was washed four times with water and subsequently 
washed with methanol (7). After drying the product at 
room temperature, it was subjected to Fourier transform 
infrared spectroscopy (FTIR) for characterization.

In the next step, in order to charge the amine groups of 
n-HA-APTS, carboxylation is performed. The dispersed 
mixture of 0.3g of n-HA-APTS in 100 mL of dimethylsul-
foxide (DMSO) was added to a solution of succinic anhy-
dride in dimethylsulfoxide (2.5g in 25 mL). The mixture 
was sonicated for 2 hours. After this period, the mixture 
was centrifuged at 10,000 rpm to separate the product. The 
separated product was washed four times with water and 
subsequently washed with methanol to obtain the pure de-
sired product (n-HA-APTS-SAH) Figure 2. Then (FTIR) 
Fourier transform infrared and (SEM) scanning electron 
microscope performed for characterization.

Incorporation of n-HA-APTS-SAH into the resin adhe-
sive

The specific amount of n-HA-APTS-SAH (0.5mg) was 
carefully measured and combined with (1mL) of the Resin 
dental adhesive (Palfique Universal Bond, Tokuyama, Ja-
pan) to develop novel adhesives - n-HA-APTS-SAH. The 
mixture underwent 30 minutes of sonication. 

The mixture (Adhesive - n-HA-APTS-SAH) was sub-
jected to characterization by SEM, FTIR, EDX mapping, 

and micro-Raman spectroscopy to confirm and identify 
functional groups present in both pure substances and 
the mixture. To confirm the charging effect of Nano-hy-
droxyapatite on the dispersion within the resin adhesive, 
another mixture was prepared by combining (0.5mg) of 
non-charged Nano-hydroxyapatite with (1mL) of the Re-
sin dental adhesive. Subsequently, the mixture underwent 
30 minutes of sonication. Then the SEM images of both 
mixtures were compared to check for the difference in dis-
persion.

Statistical analysis
Because the data of this research was qualitative and 

there was no quantitative data, statistical analysis was not 
used.

Results

Characterization of the charged nano-hydroxyapatite 
particles

FTIR 
The FTIR spectra of Nano-hydroxyapatite, as shown in 

Figure 3, exhibit two strong absorption bands at 1022 cm-1 
and 555 cm-1, which are attributed to PO4-3 and the weak 
absorption band at 3695 cm-1 corresponding to the hydroxyl 
group. The FTIR spectra of APTS shows the peak at 3400 
cm-1 which is attributed to -NH2 stretching, while -NH2 
bending vibration bands at 1697 cm-1, the strong band at 
1199 cm-1 is corresponding to the Si-O group. In addition 
to coupled bands at 2931 cm-1 and 2869 cm-1 which are 
assigned the -CH2 groups. The FTIR spectrum of the final 
product (n-HA-APTS) includes all the vibrational peaks 

Figure 1. Preparation of n-HA-APTS.

Figure 2. Preparation of Carboxylate n-HA-APTS.
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poor dispersion, with aggregation and clusters observed 
within the resin adhesive. As illustrated in Figure 7 B.

EDX
The EDX mapping analysis results demonstrated the 

presence of oxygen, calcium, and phosphorus in the mix-
ture, indicating the existence of Nano-hydroxyapatite as 
shown in Figure 8 and Figure 9. The detection of these ele-
ments signifies the existence of hydroxyapatite nanopar-

described in the FTIR spectrum of Nano-hydroxyapatite 
and the FTIR spectrum for APTS.

SEM 
Figure 4 shows SEM analysis of the Nano-hydroxya-

patite particles before any modification revealed spherical 
particles with an average particle size range are 20.98-
39.55 nm. The SEM images exhibited rounded HA nano-
particles without coarse edges, primarily in agglomerated 
form with a few isolated particles. The nanoparticles did 
not display any sharp edges.

The morphology of Nano-hydroxyapatite particles 
doesn't show significant changes upon modification with 
APTS and subsequent carboxylation of the APTS amines, 
as compared to the non-modified Nano-hydroxyapatite 
particles. Also, the particles still maintain a spherical 
shape and are well dispersed as shown in Figure 5.

Characterization of the novel adhesives- n-HA-APTS-
SAH.

FTIR
The FTIR spectra of n-HA-APTS-SAH in Figure 6 

shows two significant bands at 3421 cm-1 and 1691 cm-1, 
which are related to the O-H and C=O vibration frequen-
cies of succinic anhydride, respectively. The FTIR spec-
trum shown in the Resin dental adhesive displays distinct 
peaks at 3435 cm-1, 1722 cm-1, and 1631 cm-1, which cor-
respond to O-H, C=O, and C=C stretching. Meanwhile, 
the FTIR analysis of the mixture of n-HA-APTS-SAH and 
Resin dental adhesive reveals the presence of all the vibra-
tion bands.

SEM 
SEM of the mixture of charged Nano-hydroxyapa-

tite particles (n-HA-APTS-SAH) with the Resin dental 
adhesive showed that there was a uniform distribution of 
spherical particles and very well dispersed within the resin 
adhesive. Furthermore, no aggregation of charged Nano-
hydroxyapatite  particles was observed within the resin 
adhesive as shown in Figure 7 A. The mixture of non-char-
ged Nano-hydroxyapatite particles was found to have very 

Figure 4. SEM of the non-charged HA Nanoparticles.

Figure 5. SEM of the charged HA Nanoparticles.

Figure 6. FTIR spectra of n-HA-APTS-SAH, Resin dental adhesive 
and mixture of n-HA-APTS-SAH with the resin dental adhesive.

Figure 7. SEM of (A) a mixture of the charged Nano-hydroxyapatite 
particles (n-HA-APTS-SAH) with the Resin dental adhesive and (B) 
a mixture of the non-charged Nano-hydroxyapatite particles with the 
Resin dental adhesive.



152

Bahra H. Agha et al. / Novel incorporation of charged hydroxyapatite nanoparticles, 2023, 69(11): 149-154

ticles within the mixture of n-HA-APTS-SAH and Resin 
dental adhesive.

Micro-Raman Spectroscopy  
The micro-Raman result of the charged Nano-hy-

droxyapatite particles revealed characteristic chemical 
groups, which were identified as phosphate at 960 cm−1 
and carbonate at 1070 cm−1, as shown in Figure 10 A. 
while the Micro-Raman result of the resin dental adhesive 
reveals peaks ranging from 1410 to 1460 cm−1, which cor-
respond to the deformation of –CH3 and –CH2 within the 
resin adhesive as shown in Figure 10 B. 

It can be seen from Figure 10 C the inclusion of char-
ged Nano-hydroxyapatite particles in the resin dental 
adhesive which is evidenced by the strong peaks obser-
ved in the spectrum. These peaks correspond to the phos-
phate (PO4) at 960 cm−1 and carbonate (CO3) at 1070 cm−1. 
Additionally, the peaks between 1410 and 1460 cm−1 can 
be attributed to the deformations of the -CH3 and -CH2 
groups within the resin dental adhesive.  Furthermore, a 
peak observed at 1610 cm−1 emphasizes the presence of 
the adhesive monomer.

Discussion

In this current investigation, Nano-hydroxyapatite was 
integrated into the resin adhesive, and its presence was 
subsequently confirmed through characterization using 
FTIR, SEM, EDX, and Micro-Raman techniques. SEM 

analysis revealed that the Nano-hydroxyapatite fillers 
were present at the nanoscale, exhibiting a uniform and 
homogeneous distribution of hydroxyapatite Nanospheres 
with a spherical morphology.

 Infrared analysis is a widely employed technique, 
utilized for identifying functional groups present in both 
pure substances and mixtures, as well as for comparing 
different compounds. This method relies on the correla-
tion between the vibrational movement of atoms and mo-
lecules(10, 11).  The FTIR spectra of Nano-hydroxyapa-
tite, as shown in Figure 3, exhibit two strong absorption 
bands at 1022 cm-1 and 555 cm-1, which are attributed to 
PO4-3 and the weak absorption band at 3695 cm-1 corres-
ponding to the hydroxyl group(12). The FTIR spectra of 
APTS shows the peak at 3400 cm-1 which is attributed to 
-NH2 stretching, while -NH2 bending vibration bands at 

Figure 9. EDX analysis of Adhesives - n-HA-APTS-SAH.

Figure 8. EDX elemental mapping of (A) Adhesives - n-HA-APTS-
SAH ; (B)  presence  of calcium ; (C) presence  of  phosphorus;  (D) 
presence  of oxygen.

Figure 10. Raman spectra (A) Charged Nano-hydroxyapatite par-
ticles. (B) Resin dental Adhesive. (C) The mixture of charged Nano-
hydroxyapatite particles with the Resin dental Adhesive.
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1697 cm-1, the strong band at 1199 cm-1 is corresponding 
to the Si-O group(13). In the present research, the use of 
FTIR spectroscopy enables the qualitative verification of 
the APTS modification performed on the Nano hydroxya-
patite surfaces (7).

SEM was utilized to examine the morphology of the 
Nano-hydroxyapatite particles both before and after char-
ging. The morphology of Nano-hydroxyapatite particles 
doesn't show significant changes upon modification with 
APTS and subsequent carboxylation of the APTS amines, 
as compared to the non-modified Nano-hydroxyapatite 
particles. Also, the particles still maintain a spherical 
shape and are well dispersed, indicating that the charging 
process did not significantly affect the overall morphology 
or size of the nanoparticles (7).

The FTIR spectra of n-HA-APTS-SAH shows two si-
gnificant bands at 3421 cm-1 and 1691 cm-1, which are rela-
ted to the O-H and C=O vibration frequencies of succinic 
anhydride, respectively (14). This indicates the reaction 
of succinic anhydride with the mixture of n-HA-APTS. 
The FTIR spectrum shown in the Resin dental adhesive 
displays distinct peaks at 3435 cm-1, 1722 cm-1, and 1631 
cm-1, which correspond to O-H, C=O, and C=C stretching 
(15). The FTIR analysis of the mixture of n-HA-APTS-
SAH and Resin dental adhesive reveals the presence of 
all the vibration bands. This finding serves as significant 
evidence for the existence of n-HA-APTS-SAH and the 
Resin dental adhesive in the mixture (16).

Upon mixing charged Nano-hydroxyapatite particles 
(n-HA-APTS-SAH) with the Resin dental adhesive, it was 
observed that there was a uniform distribution of spherical 
particles and very well dispersed within the resin adhesive. 
Furthermore, no aggregation of charged Nano-hydroxya-
patite particles was observed within the resin adhesive. 
This outcome can be produced by APTS modifications, 
which enhance the nanoparticle-polymer interface and 
enhance filler dispersion in the resin adhesive (14). The 
mixture of non-charged Nano-hydroxyapatite particles 
was found to have very poor dispersion, with aggrega-
tion and clusters observed within the resin adhesive. This 
observation is consistent with the finding of Ghyadh et al 
in 2021 who reported that; modification of the Nano-hy-
droxyapatite fillers will strengthen Nano-hydroxyapatite 
binding to the resin matrix and prevent aggregation of the 
Nano filler. Some manufacturers use functionalized Nano 
fillers to prevent them from clustering (15). It is suggested 
that the agglomeration of Nano filler can adversely affect 
the mechanical properties of the filled material (16). The 
Nano-HA particles remained spherical after charging and 
subsequent mixing with the resin adhesive which is Accor-
ding to the literature, The presence of spherical filler par-
ticles imparts a lubricating effect on the material, increa-
sing its flowability, while amorphous filler particles can 
impede flow and raise viscosity(17).

To verify the existence of Nano-hydroxyapatite, EDX 
was utilized to detect essential elements and chemical 
groups present in the novel adhesives-n-HA-APTS-SAH. 
The EDX mapping analysis results demonstrated the pre-
sence of oxygen, calcium, and phosphorus in the mix-
ture. Indicating the existence of Nano-hydroxyapatite. 
The detection of these elements signifies the existence 
of hydroxyapatite nanoparticles within the mixture of n-
HA-APTS-SAH and Resin dental adhesive. The detec-
tion of calcium and phosphate confirms that the material 

possesses remineralizing properties, which facilitates the 
formation of a strong bond between the resin and dentin. 
This indicates that the material has the ability to promote 
remineralization and enhance the adhesion between the 
two surfaces (17).

The EDX result verified the existence of essential remi-
neralizing elements, such as calcium (Ca) and phosphorus 
(P). The presence of these elements indicates the presence 
of hydroxyapatite (HA) since calcium and phosphorus 
are vital components of human hard tissues. Furthermore, 
these elements play a critical role in the remineralization 
process of dental tissue (2, 5, 18).

Micro-Raman spectroscopy is a diagnostic technique 
that is utilized to analyze the polarization of molecules 
through vibrational spectroscopy (19). Unlike absorption 
spectroscopy, Micro-Raman spectroscopy relies on scat-
tering rather than absorption of light. This characteristic 
allows specimens of various thicknesses to be visualized 
without causing any damage or destruction(20). In this 
study, the charged Nano-hydroxyapatite particles exhi-
bited strong peaks for the phosphate group at 960 cm−1 and 
for the carbonate at 1070 cm−1 as shown in Figure 10A. 
Upon mixing the Charged Nano-hydroxyapatite particles 
with the Resin adhesive, a distinguishable phosphate peak 
at 960 cm−1 was still observed, although its intensity was 
reduced as can be seen in Figure 10 C. The possible expla-
nation for this specific observation could be that the inten-
sity of the Raman bands undergoes a transitional change 
when minerals are substituted with resin. This finding has 
been previously reported by Van Meerbeek et al. in 1993. 
The Raman spectroscopy results were consistent with 
several earlier studies that also reported peak intensities 
of phosphate groups at 960 cm−1 and carbonate at 1070 
cm−1, in adhesive containing Nano-hydroxyapatite (2, 5, 
21). In contrast, the peak at 1610 cm−1 specifically indi-
cates the presence of the adhesive monomer (22). Moreo-
ver, the recorded peaks ranging from 1410 to 1460 cm−1 
were attributed to the deformations of –CH3 and –CH2 
groups within the mixture Figure10C. These peaks signify 
the characteristic polymerization activity within the Adhe-
sives - n-HA-APTS-SAH (18, 23).

The results obtained in this study are quite promising, 
as the incorporation of charged Nano-hydroxyapatite 
into the resin adhesive demonstrated excellent disper-
sion within the adhesive material. Additionally, there was 
no evidence of particle aggregation among the charged 
Nano-hydroxyapatite particles within the resin adhesive. 
Consequently, future investigations should focus on ex-
ploring the impact of charged Nano-hydroxyapatite on the 
bonding strength of dental resin adhesives.

Conclusions
Modification of Nano-hydroxyapatite particles through 

a simple approach before their incorporation into the resin 
dental adhesive has a significant impact on the dispersion 
and homogeneity of the particles within the adhesive. 
The results of this study reveal that charging Nano-hy-
droxyapatite particles using a reliable method, followed 
by their incorporation into the adhesive as a filler could 
have practical applications in clinical dentistry. This ap-
proach enhances and improves the mechanical properties 
of the resin dental adhesive by promoting dispersion and 
homogeneity within the adhesive. Furthermore, it over-
comes the challenges and drawbacks of previous research 
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that incorporated Nano-hydroxyapatite particles without 
prior surface modification.
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