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ARTICLE INFO ABSTRACT

Keywords: KTiOPO4 (KTP) nanoparticles (NPs) are potential materials as biolabels for long-term imaging.
Potassium titanyl phosphate Optimizing their properties can lead to higher imaging efficiency and lower cytotoxicity and side
Biocompatibility

effects. In this study, these nanoparticles were synthesized using the co-precipitation method and
capping agents of oxalic acid and glycine. The capping agent’s effect on the structural, optical,
morphological, hemocompatibility, and biocompatibility properties of the obtained nanoparticles
was studied. The smallest (12.56 nm) grain size and the lowest lattice strain (0.0024) were ob-
tained using 1:1 and 1:3 mol ratios of glycine, respectively. Oxalic acid as a capping agent
resulted in needle-type, flower-type, and oval-form NPs. Polygonal tablet form, cubic, and
polyhedral forms of KTP NPs were synthesized using glycine. C-O-H bending bonds, O-H, N-H,
and carbonyl (C=0) stretching bonds remain on the surface of synthesized NPs after heat
treatment and functionalization of their surface. Our results showed that the surface function-
alization modifies the biocompatibility properties of NPs. The 1:3 mol ratio of oxalic acid as a
capping agent resulted in the perfect KTP NPs for long-term imaging studies. The presence of
hydroxyl groups improved the biocompatibility of obtained KTP NPs using a 1:3 mol ratio of
oxalic acid over time. The needle form of obtained NPs resulted in an increase in cell cytotoxicity
at higher concentrations.

Capping agent
Shape control
Glycine
Oxalic acid

1. Introduction

The biological information on temporal and spatial scales is investigated using Molecular imaging [1]. This method is an essential
tool for monitoring invivo response and assessing outcomes in targeted therapies [2]. Nowadays, fluorescence microscopy is a con-
ventional technique for molecular imaging of cells, tissues, and living organs. However, due to the photobleaching phenomenon, the
recording time in the biological environment is limited and can even induce phototoxicity.

Photostability and non-blinking behavior are needed for long-term cellular imaging. The far off-resonance excitation of inorganic
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Table 1
Characteristic properties of obtained KTP NPs.
sample Lattice strain  Grain size Grain size Crystal lattice Card Particle size Polydispersity index
©) (nm) (nm) constant number (nm) (PDI)
William-Son  Scherer a B c
Gl1:1 0.0083 24.70 12.56 12.81 10.61 6.40 2073-070- 55 1.05
01
Gl1:2 0.0031 57.75 48.67 12.81 10.61 6.40 2073-070- 95 1.15
01
Gl1:3 0.0024 60.26 65.06 12.81 10.61 6.40 2073-070- 110 1.19
01
0X1:1 0.0039 49.70 44.42 12.81 10.61 6.40 2073-070- 65 1.14
01
0X1:2 0.0046 67.00 52.32 10.58 12.81 6.40 0802-35-00 297 1.11
0X1:3 0.0027 69.94 54.46 10.58 12.81 6.40 0802-35-00 92 1.23
Without capping 0.0010 50.00 50.00 10.58 12.81 6.40 0802-35-00 100 1.265
agent

nanocrystalline results in perfect photostability and makes these crystals suitable for long-term imaging.

Satisfactory properties of KTP nanocrystalline, such as the photostable and blinking-free manner of second harmonic generation
(SHG) beams, are reported by Xuan et al. [3]. These properties make KTP NPs an appropriate and attractive choice as a bio-label [4]
and a vital element in SHG microscope structure [5]. Attractive properties of KTP material, such as high nonlinear optical, thermally
stable phase-matching, high optical damage threshold, large linear electro-optic, and low dielectric constants, make it interesting and
suitable for second harmonic generation in lasers and various electro-optical applications in both nano and bulk dimensions [5-7].

The properties of NPs depend on their shape and size. The size and shape of NPs are strongly affected by synthesis conditions such as
solution pH, concentration, temperature, and applied rotation rate. Using various ligands to determine the surface energy of nuclei is
one of the effective methods [8] to control the nucleation and growth of NPs and their optimization. The growth rates in different
crystal directions can be tailored by modulating the relative surface energies of crystal faces using selective surface ligands [9].

Different methods, such as Pechini [10], Sol-gel [11], Mechanochemical mixing [12], Combustion [13], Co-precipitation [14,15],
and hydrothermal [16] have been used to synthesize KTP nanostructures. Co-precipitation is an appropriate, cheap, and simple
method for controlling the size and shape of NPs [14,15,17]. In this method, capping agents with selective adsorption to specific crystal
faces can be used to kinetically control the single-crystalline growth. Also, it plays a vital role in the formation of nanocrystal
morphology. By controlling the relative rate of nucleation and growth during the NPs synthesis process, shape, size, and size distri-
bution will be controlled [18].

Oxalic acid, due to its resonance bands and small size, has a bioconjugation role between the primary nuclei and can produce well-
coated nuclei and directional growth of NPs [15,19]. Stabilization of NPs using bio-capping agents, such as amino acids and oxalic acid
[19,20], because of low biological toxicity is attractive for bio-related applications such as drug delivery, imaging, and cosmetics [21,
22]. Amino acids act as an agglomeration controller and shape modifier when used as a capping agent [20]. Glycine, a natural amino
acid, has been used as the bio-capping agent, which becomes amphoteric in an aqueous medium. This amino acid can influence the
structural, morphological, and optical properties of NPs [22]. Mayer et al. [4] reported the synthesis of KTP NPs for bio-imaging
applications. However, the effect of shape, surface functionalization, and concentration of KTP NPs on their biocompatibility prop-
erties isn’t reported.

This paper reported the synthesis of KTP NPs by the co-precipitation method. Oxalic acid and glycine were selected as capping
agents to control the size and shape of NPs and their surface functionalization. Different concentrations of capping agents (1:1, 1:2, and
1:3) were adopted. The effect of type and concentration of capping agent on structural, morphological, optical, hemocompatibility,
and bio-compatibility properties of obtained NPs were studied. The effect of surface functionalization and the shape of KTP NPs on
their biocompatibility were investigated. Finally, the best capping agent and the optimum concentration to produce perfect KTP NPs
for long-term imaging applications were introduced.

2. Materials and methods
2.1. Synthesis method
The raw materials used for KTP NPs synthesize are as follows.

(a) Freshly Ti(OH)4 powders, (b)Potassium dihydrogen phosphate (KH2PO4), (c)Potassium carbonate (K2CO3), (d) HCI (35 %), (e)
Oxalic acid and Glycine as capping agents with high purity.

To produce KTP NPs, the aqueous titanyl chloride solution (which was produced by dissolving Ti(OH)4 powders in HCl (6 N)
solution) was mixed well with the selected capping agent in different mole ratios to titanium ion (1:1, 1:2, and 1:3). Then, an aqueous
solution of potassium dihydrogen phosphate (with 0.5 M concentration) was added dropwise to the capping agent-mixed titanyl
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chloride solution. The potassium carbonate was used to adjust the solution pH. The white precipitate was obtained at pH ~ 6. The
precipitate was washed with distilled water several times to remove chloride ions from the solid and dried at 100 °C under ambient
conditions. Calcination at 700 °C for 2h was done to produce nanocrystalline powders of KTP and to remove the organic residues of
capping agents. Structural properties, Polydispersity index (PDI), and particle size for all samples are given in Table 1.

2.2. Characterization

2.2.1. Physical characterization of KTP NPs

The synthesized KTP NPs were characterized by X-ray powder diffraction (XRD) using an Advanced Bruker D8 X-ray diffractometer
with CuKa radiation (A = 1.5405 A) at a scan rate of 0.065°min"!. The structural phase, the grain size, and the lattice strain of
produced KTP NPs were calculated using recorded XRD spectra [23,24]. The formation of the KTP structure and its characteristic
bonds was investigated by recorded Fourier transform infrared (FTIR) spectra. The KBr pellet technique was used to scan samples.
Spectra were recorded on an 8400S- SHIMADZU infrared spectrometer. Raman spectrometer (Almega Thermo Nicolet Dispersive
Raman spectrophotometer, Germany) in the range of 0-1000 cm™! was used to evaluate the structural changes of NPs. Optical
properties of obtained NPs, such as optical transparency, optical quality, cut-off wavelength, and band gap energy, were studied using
UV-Vis transmission spectra. The UV-1601 Shimadzu visible spectrometer in the spectral region 200-800 nm was used to record the
UV-Vis spectra of samples. The colloidal solution of KTP in ethanol was used for UV-Vis analysis. The morphology of nanostructures
and their elemental distribution were observed by HITACHI S4160 scanning electron microscope (SEM) equipped with energy
dispersive x-ray spectroscopy (EDX). Samples were sputtered on a copper substrate and then coated with gold-palladium to make them
conductive before SEM analysis [25].

2.2.2. Cell culture

The human LAN-5 neuroblastoma cell line was cultured in RPMI 1640 culture media (Gibco, Grand Island, USA) containing 10 % of
fetal bovine serum (FBS) (Gibco, Grand Island, USA), 100 units/ml of penicillin (Gibco, Grand Island, USA), and 100 pg/ml of
streptomycin (Gibco, Grand Island, USA) at 37 °C in a humidified atmosphere of 95 % air and 5 % CO5 unless otherwise indicated.

2.2.3. MTT assay

Cell viability was evaluated using an MTT assay kit (Sigma-Aldrich). Briefly, the LAN-5 cell line was seeded at 5 x 10* cells/well in
96-well plates and incubated at 37 °C in a humidified atmosphere of 95 % air and 5 % CO (24h). Specific amounts of nanoparticles
were dissolved in serum-free media and serially diluted after filtering (6.25, 12.5, 25, 50, and 100 pg/ml). The cells were exposed to
different concentrations of NPs and then incubated for 24 and 48h. In the next step, the MTT solution was added to each well and
incubated for 4h (37 °C). In this step, the formed formazan crystals were dissolved in 100 pL acid/alcohol (0.04NHCI in isopropanol) by
mixing. A microplate reader was used to determine the optical density of samples (570 nm). Cell viability was calculated based on
Equation (1) and the absorption rate of samples (ODn) and blank (ODD).

100 x ODn

Cell viability = oDb

@

2.2.4. Lactate dehydrogenase (LDH) assay

A cytotoxicity detection kit containing lactate dehydrogenase (LDH) was used to analyze cytotoxicity activity (Roche Applied
Science, Germany). First, 10 4LAN-5 cell line was cultured in 96-well plates (24 h) and then exposed to different concentrations of NPs.
For low and high control, the cells were cultured in a medium. After 48 h, 100 pL of Triton X-100 solution was inserted into high-
control wells and mixed properly to ensure the destruction of the cell membranes. Afterward, the plates were centrifuged (10 min
at 250 g), and the 100 pL of supernatants were transferred to another flat-bottom plate. In the next step, 100 pL of LDH mixed detection
kit reagent was inserted into each well and incubated at room temperature for 30 min. The absorbance was determined using an ELISA
reader at 490 nm. The cytotoxicity percentage was defined as:

__experimental value — low control

Cytotoxicity (%) = 100 2
ytotoxicity (%) high control — low control x @

2.2.5. Hemolysis assays

Fresh human blood containing appropriate anticoagulants was used for hemocompatibility tests. Various concentrations of NPs
(6.25, 12.5, 25, 50, and 100 pg/ml in sterile saline solution) were prepared, and 200 pl of blood-containing anticoagulant was added to
each sample. Then, the samples were kept for 1 h in an incubator with a temperature of 37 °C. The samples were centrifuged at 1500 xg
for 10 min. By transferring the supernatant to a 96-well plate, the absorbance of the sample was measured at a wavelength of 545 nm
using a microplate reader (Biochrom, Berlin, Germany). Adding 200 pl of blood containing anticoagulant to 4 ml of distilled water was
used as a positive control. Adding 200 pl of blood containing anticoagulant to normal saline was used as a negative control [26]. The
percentage of hemolysis was calculated according to equation (3) and based on the absorption rate of the samples (Ds), positive control
(Dpc), and negative control (Dnc).

Dnc

Ds —
0y — o -
Hemolysis % Dpe — Dnc x 100 3
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Fig. 1. X-Ray pattern of KTP NPs synthesized without capping agent.

2.3. Statistical analysis

Three repetitions were used for each experiment, and finally, the average data was calculated. Statistical tests such as one-way
ANOVA, t-test, and Tukey’s post hoc were used. P < 0.05 was considered significant.

3. Results and discussions
3.1. The powder X-Ray diffraction

Figs. 1 and 2 show the XRD patterns and William-son curves of KTP NPs synthesized without (Fig. 1) and with oxalic acid (Fig. 2.a to
Fig. 2.c) and glycine (Fig. 2.d to Fig. 2.f) as capping agents with different mole ratios (after calcination at 700 °C for 2h).

X-ray diffraction spectra for all the samples confirm the formation of KTP nanocrystals with an orthorhombic phase. The average
crystallite size of produced powders was calculated using William-Son-Hall [27] (Equation (4)) and Debye-Scherer (Equation (5))
methods by measuring the XRD peaks broadening and are documented in Table 1:

K1
D= B cos () “)
B cos(0) = 4¢ sin(0) %)

With an increase in the mole ratio of glycine as a capping agent, the grain size of obtained NPs decreased, and their lattice strain
increased. Scherer and Williamson’s equations confirm these results. Glycine is an amino acid with an isoelectric point equal to pH = 6,
So well-coating the nuclei is expected at this pH. Small molecules of glycine at low concentrations can’t completely coat the primary
nuclei. So, the glycine molecules attached to the nuclei surface increase the surface energy, growth rate, and grain size. Higher
concentrations of glycine resulted in the formation of amphoteric chains of glycine molecules at pH = 6. So, well-coating the nuclei
surface and smallest grain size were obtained with a 1:1 mol ratio of glycine. Using glycine as a capping agent resulted in crystal lattice
rotation.

It is observed that (Table 1) and it is observed that with an increase in the oxalic acid mole ratio, the grain size of obtained NPs
decreased. Maximum lattice strain was observed at a 1:2 mol ratio of oxalic acid. Oxalic is a carboxylic acid (due to its resonance bonds
and small size) that has a bio-conjugation role between primary nuclei and can produce well-coated nuclei. The KTP NPs’ surfaces are
functionalized by carboxyl groups using oxalic acid as a capping agent. Carboxyl groups act as electron donors and coordinate with Ti
ions. So, with an increase in the oxalic acid concentration, nuclei surface coating is improved, and the grain size decreases. The 1:1 mol
ratio of oxalic acid resulted in crystal lattice rotation.

3.2. Fourier transform infrared spectroscopy

Fig. 3 and Table 2 shows the FTIR spectra of synthesized NPs without (Fig. 3.a) and with different mole ratios of capping agents
(Fig. 3.b to Fig. 3.f) after calcination at 700 °C for 2h. The appeared peaks in the wavelength range from 1200 to 600 cm ™" are assigned
to characteristic bonds of the KTP structure. The asymmetric stretching vibrations of PO, units are revealed at 974, 995, 1027, 1050,
1100, and 1126 cm ™! [28]. The appeared peaks at 820, 785, and 712 cm™! are associated with Ti-O vibrations of the TiOg octahedral.
The splitting of degenerate and PO, modes reveal in the wavenumber range from 660 to 350 cm™! [29]. The formation of the KTP
structure was confirmed for all samples.

The best structure with the lowest impurity absorption among obtained KTP NPs using oxalic acid as a capping agent belongs to the
1:1 mol ratio. Impurity peaks in the range of 1398-1405 cm™! were assigned to C-O-H bending vibration bonds [30], which are not
completely removed by heat treatment. The most absorption of C~-O-H bending vibration bonds was observed using a 1:2 mol ratio of
oxalic acid. Impurity peaks in the range of 1623-1645 cm ™! wavenumber indicate POy tetrahedral and TiOg octahedral coordinated to
C=C stretching bond. The broadest impurity peak belongs to the absorbed O-H stretching bond on the surface of synthesized NPs and
was observed using a 1:2 mol ratio of oxalic. The absorption peaks in the range of 3152-3430 cm ™! are indicated to be O-H stretching
bonds.
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Fig. 2. X-Ray pattern of KTP NPs synthesized using oxalic acid as capping agent with (a)1:1, (b)1:2, (c)1:3 mol ratios and glycine as capping agent
with (d)1:1, (e)1:2 and (f)1:3 mol ratios.

The obtained NPs using glycine as a capping agent showed the impurities peaks in the region of 1398-1405 cm !

wavenumbers,

which belong to carbonyl (C=0) stretching bonds of amino acids left over on the NPs surfaces after calcination. The carbonyl group is
coordinated to the Ti?" ions resulting in impurity peaks at 1645 cm ™. The shift in carbonyl frequency reveals the interaction of KTP
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Fig. 2. (continued).

NPs with glycine through the carboxylic side [8]. Obtained KTP NPs using 1:1 and 1:2 mol ratios of glycine showed a strong impurity
peak at 1638, which indicates N-H bonding out of the plane.

The broad absorption peaks in the range of 31673460 cm ™ indicate the absorbed O-H and N-H stretching bond on the surface of
synthesized NPs [30]. The strongest impurity absorption peaks in the region of 3167-3460 cm ™!, 1630-1645 cm ™}, and 1398-1405
cm ! belong to obtained KTP NPs using 1:1, 1:3, and 1:1 mol ratios of glycine, respectively.

Comparing recorded spectra of obtained KTP NPs using oxalic acid and glycine with similar concentrations are given in Fig. 3.d to
Fig. 3.f. It is observed that using glycine as a capping agent results in more impurity absorption in obtained NPs.

The characteristic bonds of the KTP structure are observed for obtained NPs Using a 1:2 mol ratio of capping agents. However, the
1:1 and 1:3 mol ratios of glycine as a capping agent resulted in the weakening of the characteristic peaks. Obtained NPs using oxalic
acid showed a better structure rather than synthesized NPs using glycine as a capping agent.

3.3. Raman spectroscopy

Fig. 4 shows the Raman spectra of synthesized NPs using different mole ratios of capping agents (Fig. 4.a to Fig. 4.f) after calci-
nation at 700 °C for 2h. The vibrations of PO4 group are symmetric stretching vibration v = 938 cm ™!, symmetric deformation vy =
420 cm™}, antisymmetric stretching vibration v3 = 1020 and antisymmetric deformation vibration v4 = 567 cm™!. All the funda-
mentals are Raman active but only v and v4 are active in the IR.The weak Raman lines at 536, 565, and 576 cm ™! in Raman spectra are
assigned to the symmetric bending mode v2.

Observed peaks at 798 cm ™ are assigned to the b3 asymmetric stretching mode. The Very strong band appears at 698 cm™! with
the weak band at 747 cm™! (Raman) are due to TiOg group. Very weak bands observed around 480 and 493cm ™! and the asymmetric
bending mode v5 frequencies occur at 384-330cm ! in Raman attributed to the v4 asymmetric bending mode of the TiOg group. The
Raman and IR inactive asymmetric bending mode v6 is observed as very intense in the Raman spectrum at 210 and 267 cm L.

The vibrational lines observed at 170 and 190 cm ™' with weak lines observed around 70,82,107,119,130,138 and 152cm ™ !(Raman
spectra) are assigned as external vibrational modes. The formation of the KTiOPOy4 structure was confirmed for all samples.

3.4. UV-Vis transmission spectroscopy

Fig. 5 shows UV-Vis spectra of KTP NPs synthesized using glycine (Fig. 5.a) and oxalic acid (Fig. 5.b) as capping agents with
different concentrations. Comparing UV-Vis spectra of obtained NPs using different capping agents with similar concentrations are
given in Fig. 6.

The band gap energy of obtained KTP NPs was calculated by the following equation [31]:
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Fig. 3. FT-IR spectra of samples synthesized (a) without capping agent, (b) using oxalic acid with different mole ratios, (c) using glycine with
different mole ratios, (d—f) comparing curves of obtained NPs using different capping agent with similar concentration.

hC L1241
Aonset B Aonset (nm)

Eg(eV) = (6)
Aonset iS calculated from extrapolation of the absorption edge to the wavelength axis. For KTP NPs synthesized using different
solution concentrations, the cut-off wavelengths and band gaps energy, are given in Table 3.
The highest transparency percent among obtained KTP NPs belongs to the 1:3 mol ratio of oxalic acid. Calculated band gaps from
recorded UV-Vis spectra confirm a decrease in the grain size with an increase in the capping agent concentration. Only the calculated
band gap of the OX1:2 sample does not follow XRD results. We guess the C=C stretching bond coordinated to PO4 tetrahedral and TiOg
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octahedral that is observed as strong impurity peaks in recorded UV-Vis and FT-IR spectra results in energy band gap displacement.

UV-Vis comparing spectra showed using oxalic acid as a capping agent (except 1:2 mol ratio) resulted in obtained KTP NPs with
better optical quality rather than using glycine.

3.5. Scanning electron microscopy (SEM) study

Fig. 7 shows the FESEM images with accompaniment size distribution curves of KTP NPs synthesized using oxalic acid (Fig. 7.b to
Fig. 7.d) and glycine (Fig. 7.e to Fig. 7.g) as capping agents with different mole ratios. Size distribution for all samples was calculated
using Image-J software. Poly disparity index (PDI) was calculated via Image-J software using the following equations [32] and are
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Table 2
The FTIR maxima in KTP NPs.
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Chemical bond

Maximum peaks (cm ™"

asymmetric stretching vibrations of PO4
Ti-O vibrations of the TiOg octahedral
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820, 785, and 712

splitting of degenerate and PO4 modes 660-350
C-0O-H bending vibration bonds 1398-1405
C=C stretching bond 1623-1645
O-H stretching bonds 3152-3430
carbonyl (C=0) stretching bonds 1398-1405
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Table 3
Optical properties of obtained KTP NPs using oxalic acid and glycine as capping agents
Sample Cut off wavelength (nm) Band gap energy (eV) Transparency (%) (in the wavelength region of 400-800nm)
Gl1:1 200.034 6.203 73-87
Gl1:2 201.82 6.149 72-98
Gl1:3 206.09 6.021 79-94
0X1:1 201.76 6.150 87
0X1:2 200.13 6.200 43-98
0X1:3 201.93 6.145 94
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Fig. 7. FESEM images of KTP NPs synthesized (a) without capping agent, (b-d) using oxalic acid, (e-g) using glycine as capping agent with different

mole ratios.
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Where d; represents the diameters of particles and n is the number of particles.

Fig. 7.a shows KTP NPs synthesized without a capping agent. It is observed that dumbbell-shaped KTP NPs with an average particle
size of about 100 nm were formed.

The morphology of obtained NPs using a 1:1 mol ratio of oxalic acid is shown in Fig. 7.b. The combination of NPs with polyhedral-
form (with some hundred nanometers in dimensions) and needle-type (with some hundred nanometers in diameter and micro length)
are observed. Binary acid absorption on the special crystal faces promotes growth in a particular direction. Oxalic acid has a bio-
conjugation role between primary nuclei due to resonance bonds and small size. So, the surface of KTP NPs was functionalized by
carboxyl groups. Carboxyl groups act as electron donors and coordinate with Ti ions. Fig. 7.b shows the 1:1 mol ratio of oxalic acid is
not sufficient for the oriented growth of all the primary nuclei. Therefore, only some needle-type NPs were formed, and in others,
carboxyl groups resulted in size control of NPs. In this case, carboxyl groups attached to the nuclei surface can stabilize the surface
energy and develop crystal faces. The observed morphology was very similar to the KTP single crystals grown by the flux method. Ata
1:2 mol ratio of oxalic acid, obtained NPs showed a combination of flower-type and oval-form with 700-800 nm in length and
200-300 nm in diameter.

At a 1:3 mol ratio of oxalic acid, because of the very low concentration of the capping agent, carboxyl groups cannot completely
functionalize the nuclei surface, so KTP NPs with irregular shapes were formed. The most non-uniform and the most uniform size
distribution among obtained KTP NPs using oxalic acid belong to 0X1:3 (PDI = 1.23) and OX1:2 (PDI = 1.11) samples.
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Fig. 8. EDX spectra of KTP NPs synthesized using oxalic acid as capping agent with (a)1:1, (b)1:2, (c)1:3 mol ratios and glycine as capping agent
with (d)1:1, (e)1:2, and (f)1:3 mol ratios.

Fig. 6.e shows the polygonal tablet form of obtained KTP NPs using a 1:1 mol ratio of glycine as a capping agent. The favorite

morphology using glycine as a capping agent in the solution-based synthesis methods is nanosheet-form. At this concentration
measured average particle size was 55 nm. The small molecules of glycine are polar and hydrophilic. Glycine molecules can be placed
close together on surfaces of nuclei at pH = 6 and. This pH is the iso-electric point of the glycine amphoteric molecules. So, the glycine
molecules can be attached as molecule chains and coat the surface of NPs. At a 1:1 mol ratio of glycine, the complete coating of nuclei
results in a decrease in the particle size of obtained KTP NPs. This concentration showed the most uniform particle size distribution.

The varied concentrations of glycine affect the morphology of KTP NPs [8]. A 1:2 mol ratio of glycine results in cubic and poly-
hedral forms of NPs. The average particle size at this mole ratio was 95 nm. A1:2 mol ratio of glycine was not sufficient to stabilize the
nuclei surface and resulted in the formation of kinks on the nuclei surface. So, nucleation growth was done in 3 dimensions. These
results are in according with other researchers’ reports [22].

NPs synthesized using a 1:3 ratio of glycine as a capping agent show irregular shapes with an average particle size equal to 110 nm.
These NPs showed the most non-uniform size distribution among NPs synthesized using glycine as a capping agent.

A 1:3 mol ratio of glycine and oxalic acid as a capping agent resulted in the most non-uniform size distribution among the obtained
NPs. The most uniform size distribution was obtained using a 1:1 mol ratio of glycine as a capping agent. The biggest and smallest
particle sizes were obtained using 1:2 and 1:1 mol ratios of oxalic acid and glycine, respectively.
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Fig. 9. Cell viabilities of the human LAN-5 neuroblastoma cell exposed to different concentrations of KTP NPs after 24h and 48h (mean + standard
deviation, p*<0.01, p**<0.001, and p****<0.0001).
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Fig. 10. The lactate dehydrogenase percent of the human LAN-5 neuroblastoma cell exposed to different concentrations of KTP (mean + standard
deviation, p*<0.01, p**<0.001, and p****<0.0001).

3.6. Energy-dispersive X-ray analysis (EDX)

Energy-dispersive X-ray spectra of obtained NPs using capping agents are given in Fig. 8(a-f).

The weight percent of elements confirms the formation of the KTP structure. Elements with an atomic number below 11 are hard to
be detected using EDX. With attention to the total weight percent given in Fig. 8, we guess extra oxygen and carbon elements in Fig. 8
(a—c) belong to absorbed O_H, C-O-H, and C=C groups on the surface of nanoparticles while hydrogen elements couldn’t be detected
using EDX analysis. Extra oxygen, carbon, and nitrogen elements in Fig. 8(d—f) belong to carbonyl (C=0), O-H, and N-H stretching
bonds on the surface of synthesized NPs using glycine as a capping agent.

3.7. Biocompatibility

MTT and LDH analyses were used to evaluate the biocompatibility of KTP NPs. The cells were exposed to various concentrations of
NPs (6.25, 12.5, 25, 50, and 100 pg/ml), and their cytotoxic effects were evaluated after 24h and 48h. The results are given in Figs. 9
and 10.

Fig. 9 shows that the biocompatibility was decreased with increasing the KTP NPs concentration. Among all samples, the obtained
NPs using a 1:3 mol ratio of glycine show the best biocompatibility after 24h. The lowest concentration of obtained NPs using a 1:1 mol
ratio of oxalic acid showed good biocompatibility, but the cell viability strongly decreased with an increase in their concentration.
Obtained NPs using a 1:3 mol ratio of oxalic acid showed the best biocompatibility after 48h. Similar to the previous time point (24h)
obtained KTP NPs using a 1:1 mol ratio of oxalic acid showed the best biocompatibility at the lowest concentration. However, with an
increase in the concentrations, this value strongly decreased. The level of lactate dehydrogenase (LDH) was studied for different
concentrations of KTP NPs (Fig. 10). Obtained KTP NPs using a 1:1 mol ratio of oxalic acid resulted in the highest cytotoxicity and
damaged cells. The lowest ones were observed for obtained NPs using a 1:3 mol ratio of oxalic acid. The biocompatibility of NPs is
highly dependent on their shape, size, and composition [33,34]. We guess the needle-form of obtained NPs using a 1:1 mol ratio of
oxalic acid resulted in a strongly decreased biocompatibility and increased cell cytotoxicity at higher NPs concentrations. The results of
the LDH test confirm it.

The preparation, surface modifications and functionalization, surface chemistry, and chemically reactive sites [35] of KTP NPs,
determine the amount of NPs’ biocompatibility. The surface modification of the NPs by forming a bioactive ligand affects the
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Fig. 11. LAN-5 cell morphology in different groups after 24h exposure to KTP NPs (Scale bar:50 pm).
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Fig. 12. LAN-5 cell morphology in different groups after 48h exposure to KTP NPs (Scale bar:50 pm).
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Fig. 13. Hemolysis percentages of KTP NPs.

enhancement of cell adhesion and proliferation. C-O-H bending vibration bonds and O-H stretching bond residues generated due to
the thermal decomposition of oxalic acid on the surface of synthesized NPs, also carbonyl (C=0) stretching bonds of amino acids and
O-H and N-H stretching bonds left over on the surface of synthesized NPs using glycine as capping agent after heat treatment was
confirmed by FT-IR analysis. Surface modification of KTP NPs by mentioned bonds can alter the surface topography and chemistry,
which directly affect the interaction between KTP NPs and biological environments. The formation of carbon bonding seems to be
suitable to increase cellular biocompatibility [36].

The hydrophilic structures are crucial for cell adhesion, cell activity, proliferation, and biological applications [37-39]. Improved
hydrophilicity and wettability of nucleation surfaces are achieved using the hydroxyl groups [34]. Hydrogen bonding can occur on the
surface of NPs between free OH groups and H,0 molecules [40,41]. So hydroxyl groups left over on the surface of obtained NPs using a
1:3 mol ratio of oxalic acid and glycine are beneficial for increasing biocompatibility. After 48h, 6.25 pg/ml concentration of KTP NPs
synthesized using a 1:3 mol ratio of oxalic acid showed the best biocompatibility. The images of cell morphology after exposure to
different nanoparticles confirm the above results (Figs. 11 and 12).

Amine group residue on the surface of obtained NPs using a 1:3 mol ratio of glycine resulted in a decrease in their biocompatibility
after 24h. The time-dependent reaction between amino groups and the biocompatibility environment has been reported by researchers
[21]. We guess after 24h, the extra electron of nitrogen increases the number of delocalized electrons and, therefore, increases the
surface activity. On the other hand, hydrophobic amino groups showed cytotoxicity and resulted in enhanced interaction with the cell
membrane. Adding amine groups to hydroxyl groups [41] on the surface of NPs increases the cytotoxicity and Biodegradability.
Reports by other researchers confirm these results [20,21]. Therefore, a time duration equal to 48h showed a decrease in the
biocompatibility of the G11:3 sample. Although glycine as an amino acid shows biocompatibility properties, amino group residue after
heat treatment shows a cytotoxicity effect after 24h and results in decreasing the biocompatibility properties.

3.8. Hemolysis test

Fig. 13 shows the percentage of hemolysis of KTP NPs at different concentrations. According to the figure, all groups had a lower
hemolysis percentage than the control group. The percentage of hemolysis increased with the increase in the concentration of NPs;
however, it was always in the acceptable range (up to 50 pg/ml). With an extensional increase in concentration, the percentage of
hemolysis corresponding to the OX 1:1 and GL 1:3 groups was a little more than 5 % (as the accepted value for blood compatibility).
Therefore, concentrations less than 50 pg/ml cause less damage to red blood cells and, therefore, lead to less hemoglobin release. The
needle shape of OX 1:1 NPs can be considered as an important factor for damaging the membrane of red blood cells. In addition, the
relatively positive charge of glycine in the bloodstream can interact with a variety of negatively charged membrane compounds,
change the polarized structure of the membrane, and lead to red blood cell membrane rupture in the GL 1:3 group, which confirms our
results [42].

4. Conclusion

KTP NPs were synthesized using glycine and oxalic acid as capping agents by the co-precipitation method. The effect of the type and
concentration of the capping agent on the structural, optical, and biocompatibility properties of NPs were studied.

The amount of capping agent during synthesis helps to turn and regulate the morphology, and also modify the surface chemical
properties of the NPs. The smallest grain size (12.54 nm) and particle size (55 nm) and the most uniform size distribution (1.05) were
obtained using the 1:1 mol ratio of glycine as a capping agent. Using oxalic acid and glycine as capping agents results in increasing the
uniformity of size distribution, but a decrease in the grain size is observed only with a 1:1 mol ratio of capping agents. The presence of
C-O-H bending vibration, O-H, N-H, and carbonyl (C=0) stretching bonds left over on the surface of synthesized NPs after heat
treatment was confirmed by FT-IR analysis. The bond residue functionalizes the surface of the NPs. Our results showed using glycine as
a capping agent is beneficial to produce KTP NPs for short-term imaging until 24h, but the amino groups result in a decreasing the
biocompatibility of NPs over time. The presence of hydroxyl groups improved the biocompatibility of obtained KTP NPs using a 1:3
mol ratio of oxalic acid as a capping agent with an increase over time. We induce oxalic acid as an attractive capping agent to syn-
thesize appropriate KTP NPs for long-term imaging. 1:1 and 1:3 mol ratios of oxalic acid resulted in synthesized NPs with the best
optical quality. Using oxalic acid as a capping agent resulted in needle-type, flower-type, and oval-form NPs, polygonal tablet form,
and the cubic and polyhedral forms of KTP NPs synthesized using glycine. Our research showed the needle form of obtained NPs using
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a 1:1 mol ratio of oxalic acid resulted in a substantial decrease in biocompatibility and an increase in cell cytotoxicity at higher
concentrations.
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