Quarterly Scientific Journal of Technical and Vocational University
Spring 2024, Vol. 21, No. 1, p. 673-689

Journal Homepage: https://karafan.tvu.ac.ir/?lang=en TVU

ol -1:10.48301/KSSA.2023.389793.2482

Investigation of the Formic Acid Concentration on
Structural Properties of KTiOPO4 Nanoparticles

Elaheh Gharibshahian*, Fatemeh Shokri2, Majid Jafar Tafreshi3

1Assistant Professor, Department of Physics, Technical and Vocational University, Tehran, Iran.
ZMSc Student, Faculty of Physics, Semnan University, Semnan, Iran.
3Associate Professor, Faculty of Physics, Semnan University, Semnan, Iran.

ARTICLE INFO

ABSTRACT

Article Type:
Original Research

Received: 04.11.2023
Revised: 08.01.2023
Accepted: 10.04.2023

Keyword:

Potassium Titanyl Phosphate
Formic Acid

Size Control

Capping Agent
Co-precipitation Method
Surface Functionalization

*Corresponding Author:
Elaheh Gharibshahian
Email:
gharibshahian.e@gmail.com

KTiOPO4(KTP) nanoparticles were synthesized by the co-
precipitation method. Different mole ratios (1:1, 3:2, 2:1, 3:1, and 4:1)
of formic acid as a capping agent were used to control nanoparticle
size, size distribution, and surface functionalization. The effect of
formic acid concentration on structural properties, grain size, and
structural quality of obtained nanoparticles was examined using XRD
and FT-IR analyses. The smallest grain size (48nm) and the lowest
lattice strain (0.0015) were obtained using the 4:1 mole ratio of formic
acid. 1:1 and 2:1 mole ratios of the capping agent showed the lowest
impurity absorption. The highest impurity absorption was observed
at obtained nanoparticles using a 4:1 mole ratio of formic acid.
Increasing the formic acid concentration by up to a 3:1 mole ratio
resulted in the formation of two phases of production (KTP
nanoparticles and C,H;KO;.). Using formic acid resulted in the
surface functionalization of obtained KTP nanoparticles by hydroxyl
and carboxyl groups. The particle size of samples and their poly
dispersion index (PDI) were studied using SEM. Using formic acid
resulted in to increase in the particle size and uniformity of size
distribution. The best uniformity of size distribution (1/10), and the
smallest particle size(156nm) were observed using a 2:1 mole ratio of
formic acid.
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EXTENDED ABSTRACT

Introduction

KTiOPO4(KTP) is known as an attractive material because of its high nonlinear optical,
high optical damage threshold, thermally stable phase-matching, large linear electro-optic,
and low dielectric constants that make it worthwhile, and interesting for second harmonic
generation in lasers and various electro-optical applications such as modulators
and Q switches. Recently, scientists have focused on producing KTP nanostructures for
various applications such as second harmonic generation, boilable, charged nanofiltration
membranes, and biological imaging.

Co-precipitation is known as an appropriate, cheap, and simple method for the size and
shape control of nanoparticles(NPs). NPs' properties change with their size and shape.
Precise control of the size and shape of nanocrystals can be manipulated and their
properties altered as desired for different applications. A capping agent is used to control
the size and shape of nanocrystals. A capping agent with selective adsorption to specific
crystal faces controls the growth kinetic of single-crystal and plays an important role in the
morphology and size of nanocrystals.

Formic acid (HCOOH) is an organic compound and the simplest carboxylic acid, with a
structure H-C(=0)-0-H. It is an important intermediate in chemical synthesis. Formic acid
is known as a capping agent and an effective reductant, to produce nanocrystals with well-
controlled shapes and size distribution.

Methodology

(a) Aqueous solution of titanyl chloride, which was produced by dissolving Ti(OH)4
powder in HCl (6N) solution, (b)Potassium dihydrogen phosphate (KH2PO4),
(c)Potassium carbonate (K2C03), and (d) Formic acid as capping agents with high purity
were used as raw materials.

To produce KTP NPs, an aqueous titanyl chloride solution was mixed well with a
selected capping agent in 1:1 mole ratio for titanium ion. Then, an aqueous solution of
potassium dihydrogen phosphate with a solution concentration equal to 0.5M was added to
the reaction solution dropwise. Finally, potassium carbonate was added to obtain a white
precipitate at pHx6. The precipitate was washed with distilled water several times and
dried at 100°C under ambient conditions. The produced amorphous powder was calcined
at 700 °C for 2h. The structural characteristics of the obtained NPs using formic acid as a
capping agent are given in Table 1.

Table1. The structural characteristics of obtained NPs using formic acid as a capping agent.

Lattice constant Lattice Grain size Grain size
Sample a b [ strain Scherer (nm)  William (nm) PDI Card NO.

S 10.58 12.81 640 0.0015 51.17 55.44 1.26 00-35-0802
FO1:1 1281 639 1058 0.0038 51.68 59.30 1.23  080-0893-0893
F03:2 1281 639 1058 0.0066 53.68 65.00 1.15 080-0893-0893
FO2:1 1281 639 1058 0.0027 60.95 60.26 1.10  080-0893-0893
FO3:1 1281 639 1058 0.0064 53.50 59.00 1.11  080-0893-0893
FO4:1 1281 639 1058 0.0016 48.39 44.70 1.12  080-0893-0893
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Results and Discussion

X-Ray diffraction analysis showed an increase in the formic acid concentration until the
2:1 mole ratio, increasing the grain size and single-phase formation observed. Increasing
the capping agent mole ratio to a 3:1 ratio resulted in a decrease in the grain size, and the
formation of the two phases of KTP NPs and C,H,KO;,, with an increase in the formic acid
concentration to a 4:1 mole ratio, the percentage of C,H-,KO;, was increased and the size of
synthesized KTP NPs became smaller. The highest lattice strains were obtained for samples
synthesized with 3:2 and 3:1 mole ratios of the capping agent. For the 3:1 mole ratio of the
formic acid, primary nuclei coated with the formic molecular chain and obtained KTP NPs
showed high lattice strain. Increasing the formic acid concentration to a 4:1 mole ratio
resulted in the formation of new phases namely H,KO,, and KH,(CH;COO); , and the
lattice strain decreased.

The formation of characteristic bonds associated with the KTP structure in the
wavenumber range 1200-600 cm ! was confirmed by FT-IR spectra for all the samples. 4:1
and 1:1 mole ratios of capping agent resulted in the highest and the lowest impurity
absorption, respectively. The broad absorption peaks in the range of 3000-4000cm!
indicated the absorbed O-H and the absorption peaks around 1600-1650cm belong to
COO- bonds coordinated with KTP NPs. The weak peak observed at 2350-1970cm ! belongs
to C-H stretching bonds coordinated to KTP NPs. Using a 1:1 mole ratio of formic acid, the
greatest deformation of the characteristic bods of TiOs octahedral units and PO tetrahedral
units in the KTP structure was observed. Increasing the capping agent concentration and
impurity absorption, and improving the structural quality of obtained NPs were
demonstrated. Hydroxyl and carboxyl groups are hydrophilic and increase cell adhesion
and proliferation. Therefore, it was expected that NPs functionalized with these groups
would result in better biological properties and biocompatibility.

Figure 1 shows FE-SEM images of synthesized KTP NPs without and using different mole
ratios of formic acid as a capping agent.
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EM images of obtained KTP NPs a) ﬁmout, and usingb) 1:1, c) 2:1, d) 4:1 mole ratio of
formic acid as capping agent.

Figure 1.

Figure 1 demonstrates that with an increase in the formic acid concentration to 2:1,
uniformity of size distribution increased and particle size decreased. Using 3:1 and 4:1 mole
ratios of formic acid, due to the aggregation of organic chains, resulted in increasing the
particle size and decreasing the uniformity of size distribution after calcination.

Conclusion

KTP NPs were synthesized by the co-precipitation method. The effect of formic acid as a
capping agent on particle size, size distribution, and surface functionalization was studied.
It was observed that using formic acid as a capping agent resulted in increasing the particle
size and improving the uniformity of size distribution. Crystal lattice rotation was observed
for all the samples. Using 4:1 and 2:1 mole ratios of formic acid resulted in the lowest lattice
strain. Synthesized KTP NPs using 3:1 and 4:1 mole ratios showed the highest impurity
absorption. Strong absorption peaks belonging to hydroxyl and carboxyl groups were
observed in the mentioned samples. Using 1:1 and 2:1 mole ratios of capping agent resulted
in the lowest impurity absorption.
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