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ABSTRACT
Objective (s): SrCO3 nanoparticles could be used as new biomedical sources in magnetic resonance imaging 
as a promising noninvasive imaging modality for the preoperative staging of breast cancer and monitoring 
of tumor response to therapy. The present study aimed to synthesize SrCO3 nanostructures using microwave 
irradiation in the presence of honey as a green capping agent and reductant. 
Materials and Methods: The optical properties of SrCO3 nanostructures were investigated using ultraviolet-
visible (UV-Vis) spectroscopy. Sr(NO3) 2.6H2O and NaOH were applied as the starting reagents. Fructose 
(32.56-38.2%) and glucose (28.54-31.3%), which were the main carbohydrates found in honey, were not only 
involved in stabilization, but they also acted as the reducing agents in the production of SrCO3 nanostructures. 
The produced nanostructures were characterized using X-ray diffraction analysis, Fourier transform infrared 
spectroscopy, scanning electron microscopy, and transmission electron microscopy.
Results: Method of synthesis and chemical reagents were observed to affect the structural parameters, 
crystallite size, product size, morphology, and antioxidant activity. 
Conclusion: According to the results, honey could be used as a green capping agent and reductant for the 
synthesis of SrCO3 nanostructures as a novel structure to co-deliver therapeutic agents using photo-thermal 
agents. Moreover, honey has significant potential for diagnostic and therapeutic purposes in the future.
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INTRODUCTION
Extensive research has recently been focused 

on the role and effects of fluorescence imaging and 
bimodal photodynamic therapy (PDT) materials 
against numerous human diseases and the food 
corruption caused by oxidative degradation [1-
3]. Antioxidants, which are free radical inhibitors, 
have been considered more important than other 
materials. Therefore, evaluation of their inhibitory 
capacity has attracted the attention of researchers 
[4-6]. 

Despite their limitations, the chemical methods 
used to determine the PDT capacity of samples 
could be useful as they are simple and cost-
effective [7-9]. Several methods are available to 

examine various PDT capacities and their efficacy 
in various cases, such as free radical regeneration 
[7, 10, 11], iron regenerative antioxidants [12], 
and oxygen radical absorption capacity [13, 14]. 
In PDT, visible light is applied to generate oxygen 
specimens [15, 16]. The cytotoxic and free radicals 
that selectively destroy rapidly growing cells as 
a stable free radical species have been widely 
recognized for the verification of antioxidant 
activity [17, 18]. PDT destroys cancer cells through 
the extraction of an unpredictable light sensor by 
non-harmful light [19, 20]. Moreover, ABTS as a 
chemical method assay determines antioxidant 
activity. In addition, ABTS is a practical test for 
aqueous media at various pH levels [21, 22]. 

Strontium is a soft, silver-yellow metal, which 
is relatively abundant in the Earth’s crust and has 
special characteristics that make it an effective 
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compound for the long-term chronic treatment of 
postmenopausal osteoporosis [23, 24]. Strontium 
could be applied as an additive in the production 
of modern electric industries [25, 26], color 
television tubes [27], pigment production [28], 
and pyrotechnics [29]. In recent years, several 
synthesis techniques have been employed for 
the preparation of strontium oxide (SrO) and 
strontium carbonate (SrCO3) structures, including 
microwave-assisted ultrasound [30], hydrothermal 
techniques [31], solvothermal techniques [32], 
and sol-gel process [33]. The energy of microwave 
waves has been used for the assessment of new 
chemical reactions, causing general changes in 
the kinetics (the theory of the speed of reactions) 
and selectivity of the reactions. The present study 
aimed to investigate the biosynthesis of SrCO3 
nanostructures using honey as a green capping 
and reductant agent in photodynamic therapy.

MATERIALS AND METHODS 
Materials and Characterization

The chemical reagents used in the experiments 
included Sr(NO3)2 as the Sr precursor and NaOH as 
the pH regulator, which were of analytical grade 
and used without further purification. The honey 
used in the current research was obtained from 
Sirjan Mountains in Kerman province, Iran. 

Table 1. Summary of Recent Studies Regarding Synthesis of 
SrCO3 Nanostructures

To characterize the products, the X-ray 
diffraction (XRD) patterns were recorded using 
a Rigaku Dmax C III X-ray diffractometer and 
Ni-filtered Cu Ka radiation. Scanning electron 
microscopy (SEM) images were also obtained 
(SEM, Philips XL-30ESM), and the Fourier 
transform infrared (FT-IR) spectroscopy was 
recorded on a Nicolet Fourier Transform IR, 
(Nicolet 100 spectrometer) within the range of 
500-4000 cm-1 using the KBr disk technique. In 
addition, the particle size and size distribution of 
the SrCO3 nanostructures were determined via 
laser-light scattering (Mastersizer 2000 E, Malvern 
Instruments, UK).

Synthesis of the SrCO3 Nanostructures
SrCO3 structures were synthesized successfully 

via microwave irradiation. Approximately 0.63 
millimole of Sr(NO3)2 was dissolved in 10 milliliters 
of 1:2 deionized water (DI):propylene glycol, 
and 10 milliliters of NaOH 2M was added to the 
solution for setting up 7.3<pH<8.2 under vigorous 
stirring (700 rpm) at the temperature of 50. 

At the next stage, one milliliter of honey was 
dissolved in five milliliters of propylene glycol, 
which was added to the solution. The suspension 
was immediately loaded into a microwave Teflon 
container, and the reactions were performed using 
a microwave digestion system. The final product 
was dried in an oven at the temperature of 70 for 
48 hr.In recent years, several studies have been 
focused on the synthesis of SrCO3 nanostructures 
in drugs transfer. The summary of these studies is 
presented in Table 1.

Table 2. Reaction Conditions for Synthesis of SrCO3 
Nanostructures

RESULTS AND DISCUSSION
The reactions of all the samples were 

performed using a microwave digestion system 
(Table 2). The FT-IR spectrum of the synthesized 
SrCO3 nanostructures at room temperature and 
after calcination at the temperature of 150 is 
depicted in Figs 1-a and 1-b, respectively. 

Fig 1. FT-IR Spectra of SrCO3 Nanostructures; a) Room 
Temperature, b) after Calcination at Temperature of 150 oC

 
Nanostructures Synthesis Method Particle Size Ref. 

SrCO3 Methanol Solution Sphere-like [34] 

Mesoporous SrCO3 Hydrothermal Method Rod-like [35] 
SrCO3 Co-precipitation Nanorods [36] 

Sr(OH)2 and SrCO3 Ultrasonic Method Particle [37] 
SrCO3 Hydrothermal Method Flower-like [38] 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
No Power (w) Time (min) Morphology Size 

 
1 150 15 Agglomeration ~5µm 

2 350 12 Microparticle ~2.5µm 
3 450 10 Nanoparticle ~650 nm 
4 600 8 Rice-like ~200nm 
5 750 5 Nanoparticle ~900nm 
6 900 5 Microparticle ~1.5µm 
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The broad absorption band within the range 
of 3000-3600 cm-1 matched the OH functional, 
which was associated with the activated surface 
to volume in the nanoparticles ratio rather than 
the bulk ones. In addition, the bands at 671, 958, 
1170, and 1458 cm-1 corresponding to CO3

2- were 
associated with the calcined SrCO3 nanostructures.

Figs 2-a and 2-b show the XRD patterns and 
energy-dispersive X-ray spectroscopy (EDX), 
respectively for the third sample after calcination 
at the temperature of 150 o�.

Fig 2. XRD Patterns of SrCO3 Nanostructures for Sample Three 
after Calcination at Temperature of 150 oC

In Fig 2, (111), (220), and (311) are Miller indices, 
which were consistent with the orthorhombic 
structure of strontium carbonate with the space 
group (Pmcn), and a< 5.09>, b<8.35>, and c<5.99> 
were the network constants (JCPDS No.: 71-2393). 
To interpret the X-ray pattern, the correlation 
between the diffraction angle (2θ), wavelength 
of the X-ray beam (λ), and distance between 
each set of atomic planes of the crystal lattice (d) 
were calculated using Debye-Scherrer equation 
(Equation 1). As a result, the mean diameter of the 
crystallites (60-70 nm) was determined using the 
following formula:
D=kλ/βcos(θ)    Equation (1)

where D is the mean crystallites size, λ shows 
the X-ray wavelength (1.54056 Ao), β represents 
the full width at half maximum (FWHM), θ is the 
diffraction angle in the Bragg plane, k denotes the 
shape factor (0.9), and EDX shows the percentage 
of the element ratio of Sr:C:O in the SrCO3 
nanostructures. In addition, energy dispersive 
X-Ray spectroscopy (EDS) was carried out on 

the SrCO3 nanostructures in order to investigate 
the chemical composition and purity of the 
synthesized products. The presence of a negligible 
amount of Na in the samples was associated with 
the use of NaOH. 

Fig 3. a) SEM and b) TEM of SrCO3 Nanostructures in Sample 
Three

To recognize the morphology and particle size 
distribution of the SrCO3 nanostructures, SEM and 
TEM were performed on the prepared samples. As 
is depicted in Figs 3-a and 3-b, the sample of pure 
SrCO3 nanostructures was composed of plate-like 
nanoparticles with the approximate diameters of 
50-70 nanometers.

Fig 4. a) TGA Analysis and b) DLS Analysis of SrCO3 
Nanostructures in Sample Four
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The results obtained by the thermogravimetric 
analyzer (TGA) regarding the SrCO3 nanostructures 
are illustrated in Fig 4-a. 

The TGA curve showed a number of degradation 
stages in the samples. Decomposition of the SrCO3 
nanostructures began at the temperature of 270 
up to 330 with a free fall in the residual weight 
within the range of 43.96-15.09%. This could 
be attributed to the thermal decomposition of 
the covalent bond between Sr-C and C-O in the 
network of the SrCO3 structure. 

Dynamic laser scattering (DLS) was performed 
using Zetasizer HS3000 (Malvern Instruments, 
UK) at a detection angle of 90° and temperature 
of 25. In this process, the samples were dissolved 
in deionized water, homogenized, and filtered 
(0.22 μl) before transfer into a transparent cuvette 
for analysis. The DLS results regarding the SrCO3 
nanostructures indicated that the samples had a 
uniform size and low aggregation with the particle 
size of approximately 50-70 nanometers (Fig 4-b).

Optical Properties of the SrCO3 Nanostructures
The optical properties of the nanomaterials 

were determined based on the measurements 
of UV-Vis spectroscopy. At the nanomaterial 
scale, the increased surface-to-volume ratio 
led to varied and unexpected physicochemical 
properties, which made the SrCO3 nanostructures 
useful for biosensor and PDT applications, thereby 
potentially providing solutions to the problems 
associated with the current methods. 

Fig 5. Room Temperature in UV-Vis Spectra of SrCO3 
Nanostructures

Fig 5 depicts the emissions centered at 210, 215, 
and 225 nanometers in the SrCO3 nanostructure 
samples 3-5, respectively. The emission spectrum 

indicated a blue shift with a smaller particle size. 
Therefore, the synthesized nanoparticles could be 
presented as new nanomaterials in PDT. Due to 
the UV-Vis absorption of close to the area of 200 
nanometers, the structure was considered super 
photocatalytic and had significant optical and 
photocatalytic properties.

CONCLUSION 
PDT has been used more frequently compared 

to the other methods in this regard, and 
nanomaterials and nanocomposites have also been 
employed widely in clinical practices. Nanoscale 
materials are hoped to increase the effectiveness 
of PDT. According to the results of this study, the 
mean diameter of the SrCO3 nanostructures was 
60-70 nanometers based on the XRD pattern. 
Furthermore, the SEM and TEM results indicated 
that the SrCO3 nanostructures were synthesized 
with uniform size distribution and emission peak 
of approximately 210-225 nanometers. 

In this study, honey was used as a stabilizing 
and reduction agent in the production of the SrCO3 
nanostructures. The outcomes demonstrated 
the capability of these nanomaterials as a novel 
structure to co-deliver therapeutic agents using 
photothermal agents, which will have an enormous 
potential for future diagnosis and therapy.
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